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Foreword

Welcometo the third SPINbiennialreport!

Sixyearsof life: Spin(SuPerconductingnd other INnovativeMaterialsand deviceswasborn in 2010 assemblingn

a singlelnstitute of the National ResearchCouncil(CNRYesearchgroupsworking on materialssciencein Genoa,
Naples SalernoL'Aquilaand Rome previouslyoperatingwithin INFM

SPINis now an important and recognizablescientificinstitution, with headquartersin Genoaand branchofficesin

the aforementionedcities SPINbrings together more than 200 people, including staff researchers,associate
researchersand technicaland administrative support staff and trainees SPINis therefore a CNRInstitute with

appreciablecritical mass The Institute is affiliated to the Departmentof PhysicalScienceand Technologie®f the

Matter (DSFTM)a CNRDepartmentwith a highdegreeof internationalization

The scientific work done at SPINis characterizedby a multidisciplinaryapproachthat devotes much care and

attention to the relationshipbetween basicresearchand the applicationpotential; many of the scientificactivities
are concentratedon key enablingtechnologieqKetg. Spinhasits scientificmissionfocusedon innovativematerials,
superconductorspxides,and hybrid nanostructuredmaterials

The activitiesrange from basicexperimentaland theoretical studieson magneticand superconductingmaterials,
strongly correlated oxides,and other innovative materials Relevantissuesare material preparation (bulk, single
crystals,thin films, multilayers,and epitaxialsuperlatticd, material characterizatiorbasedon the radiation-matter
interactionsand electronictransport properties measurementsn the presenceof high externalfields. Moreover,
SPINresearchersieal with sensorsmicro/nano superconductingelectronicdevices(for quantumcomputationand

other applications),electronic devicesbasedon oxides ("oxide electronics")and organics("organicS f SO U NR v ;

Theyalso fabricate superconductingcablesand tapesfor power applicationsin the fields of biomedicine,energy,
andhighenergyphysics

Thescientificcommunityof SPINs heavilyinvolvedin the promotion, educationand communicationin the field of
innovativematerials

SPINdraws most of its researchbudgetfrom projectsrelated to nationaland international calls,and this is why an
important sectionof the report is dedicatedto the descriptionof major projects

| think thesepagesmay offer an overviewof the researchactivities,planning,equipment,and main achievementof
the pasttwo years

Toshowthe variety of achievementsin this edition of the scientificreport it wasdecidedto givemore spaceto the
highlights, consideredto be a more effective way to describethe Institute. They are divided in four sections
SuperconductivityDxidesOther Materialsand Fundamentaproperties

Forthe preparationof this report thanksare due to the editor, RobertaDe Donatis to all the activity leadersand
deputy directors of the variousunits, and to ElisabettaNarduccj SabrinaPoggiand RuggeroVagliofor the final
revision

CarloFerdeghini
Director, CNRSPIN
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Community

Researchers

Antonio Ambrosio (NA)
Carmela Aruta (RM)
Paolo Barone (AQ)
Mario Barra (NA)

Emilio Bellingeri (GE)
Cristina Bernini (GE)
Francesco Bisio (GE)
Valeria Braccini (GE)
Alessandro Braggio (GE)
Renato Buzio (GE)
Carlo Camerlingo (NA)
Giovanni Cantele (NA)
Matteo Carrega (GE)
Fabio Chiarella (NA)
Alessandro Ciattoni (AQ)
Carla Cirillo (SA)
Roberto Cristiano (NA)
Mario Cuoco (SA)
Sergio De Nicola (NA)
Mikkel Ejrnaes (NA)
Roberto Felici (RM)
Carlo Ferdeghini (GE)
Annalisa Fierro (NA)
Rosalba Fittipaldi (SA)
Vittorio Foglietti (RM)
Paola Gentile (SA)
Andrea Gerbi (GE)
Filippo Giubileo (SA)
Gala Grimaldi (SA)
Alexis kavokine (RM)
Gianrico Lamura (GE)
Stefano Lettieri (NA)
Mikhail Lisitskiy (NA)
Procolo Lucignano (NA)
Andrea Malagoli (GE)
Antigone Marino (NA)
Alberto Martinelli (GE)
Nadia Martucciello (SA)
Anna Maria Massone (GE)

Fabio Miletto Granozio (NA)

Riccardo Moroni (GE)
Ciro Nappi (NA)
Pasquale Orgiani (SA)
llaria Pallecchi (GE)
Domenico Paparo (NA)
Luca Pellegrino (GE)

Research Associates

Giancarlo Abbate (NA)
Giuseppina Ambrosone (NA)
Salvatore Amoruso (NA)
Antonello Andreone (NA)
Carmine Attanasio (SA)
Giovanni Ausanio (NA)
Adolfo Avella (SA)
Leonetta Baldassarre (RM)
Giuseppe Balestrino (RM)
Francesco Bloisi (NA)
Fabrizio Bobba (SA)

Lucio Braicovich (Ml)
Riccardo Bruzzese (NA)
Paolo Calvani (RM)

Fabio Michele Canepa (GE)
Giovanni Carapella (SA)
Antonio Cassinese (NA)
Vittorio Cataudella (NA)
Fabio Cavaliere (GE)

Maria Cimberle (GE)
Roberta Citro (SA)

Antonio Coniglio (NA)
Giorgio Andrea Costa (GE)
Anna Maria Cucolo (SA)
Antonio De Candia (NA)
Giulio De Filippis (NA)
Corrado De Lisio (NA)
Antonio Di Bartolomeo (SA)
Roberto Di Capua (NA)
Daniele Di Castro (NA)
Fabrizio Dolcini (GE)

Paolo Dore (RM)

Maurizio Ferretti (GE)
Enrico Galleani D'Agliano (GE)
Umberto Gambardella (SA)

Gianni Profeta (AQ)
Marina Putti (GE)

Paola Romano (SA)
Alfonso Romano (SA)
Aniello Saggese (SA)
Matteo Salvato (SA)
Maura Sassetti (GE)
Umberto Scotti Di Uccio (NA)
Antonio Sergio Siri (GE)
Daniela Stornaiuolo (NA)
Francesco Tafuri (NA)
Arturo Tagliacozzo (NA)
Antonello Tebano (RM)
Ruggero Vaglio (NA)

Veronica Granata (SA)
Claudio Guarcello (GE)
Anita Guarino (SA)

Robert Hussein (GE)

Laura lemmo (SA)

Paolino lorio (NA)

Shrikant Siddheshwar Kawale (G
Amit Kumar Khare (NA)
Anoop Kiliyanamkandy (NA)
Antonio Leo (SA)
Alessandro Leveratto (GE)
Maria Chiara Lupi (GE)
Nicola Manca (GE)

Davide Mancusi (SA)

Luciano Rosario Maria Vicari (NA)Pasquale Marra (SA)

Nan Yang (RM)

Affiliated Fellowship

Riccardo Arpaia (NA)

Maria Adamo (SA)

Roberto Arevalo Turnes (NA)
Carmine Autieri (SA)
Michela Badioli (RM)

Carlo Barone (SA)
Riccardo Bosisio (GE)
Gianmarco Bovone (GE)
Valentina Brosco (NA)
Annalisa Bruno (NA)

Emilie Bruyer (AQ)
Wojciech Brzezicki (SA)
Federico Caglieris (GE)
Sabrina Calvi (NA)

Gabriele Campagnano (NA)
Cristina Campi (GE)

Musa Mutlu Can (NA)

Giacomo Claudio Ghiringhelli (MIAntonio Capretti (NA)

Mauro Giovannini (GE)
Vincenzo lannotti (NA)
Luciano Lanotte (NA)
Pasquale Maddalena (NA)
Nicodemo Magnoli (GE)
Pietro Manfrinetti (GE)
Luigi Maritato (SA)
Daniele Marre (GE)
Lorenzo Marrucci (NA)
Paola Maselli (RM)

Massimo Pica Ciamarra (NA) Mario Nicodemi (NA)

Silvia Picozzi (AQ)
Alberto Porzio (NA)
Marco Salluzzo (NA)
Ettore Sarnelli (NA)
Paolo Solinas (GE)
Alessandro Stroppa (AQ
Vladimir Tkachenko (NA
Massimo Valentino (NA)
Andrei Varlamov (RM)
Antonio Vecchione (SA)
Maurizio Vignolo (GE)
Xuan Wang (NA)

Angela Nigro (SA)

Domenico Ninno (NA)

Canio Noce (SA)

Alessandro Nucara (RM)
Luca Ottaviano (AQ)

Sandro Pace (SA)

Sergio Pagano (SA)

Andrea Palenzona (GE)
Vincenzo Palmieri (NA)
Marcella Pani (GE)
Loredana Parlato (NA)
Giovanni Piero Pepe (NA)
Carmine Antonio Perroni (NA)
Michele Piana (GE)
Massimo Pica Ciamarra (NA)
Massimiliano Polichetti (SA)

Fabrizio Caprioli (NA)

Marco Caputo (SA)

Valentina Caratto (GE)

Matteo Carrega (GE)

Roberta Caruso (NA)

Francesca Ciccullo (NA)

Matteo Cirillo (SA)

Daniele Contarino (GE)

Nunzio Roberto D'Amico (NA)
Luiz Gustavo Davanse da Silveir
(AQ)
Gabriella De Luca (NA)
Emiliano Di Gennaro (NA)
Flavia Viola Di Girolamo (NA)
Domenico Di Sante (AQ)
Giacomo Dolcetto (GE)

Dario Ferraro (GE)

Daniela Finizio (NA)
Filomena Forte (SA)
Alessandro Gadaleta (GE)
Alice Galdi (SA)

Luca Galletti (NA)

Armando Galluzzi (SA)
Filippo Maria Gambetta (GE)
Sara Garbarino (GE)
Ferdinando Giacco (NA)
Domenico Giuliano (NA)
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Davide Massarotti (NA)
Davide Matera (GE)
Martina Meinero (GE)
Giovanni Miano (NA)
Claudia Napoli (SA)

Jijil Nivas (NA)
Emanuele Orabona (NA)
Deborah Katia Pallotti (NA)
Gianpaolo Papari (NA)
Raffaele Pastore (NA)
Annalisa Perasso (GE)
Evgeny Plehhanov (AQ)
Abdul Muizz Tri Pradipto (AQ)
Valentina Preziosi (NA)
Alessia Provino (GE)
Stefano Rappo (NA)
Federico Remaggi (GE)
Fabio Ricci (AQ)

Carlo Rizza (AQ)

Luisa Rocco (SA)
Francesco Romeo (SA)
Andrea Rubano (NA)
Chiara Sacco (SA)
Mian Akif Safeen (NA)
Alberto Sala (GE)
Alessia Sambri (NA)
Elisa Sanguineti (GE)
Mario Scarozza (AQ)
Mauro Sellitto (NA)
Luca Setti (GE)

Paolo Solinas (GE)
Alberto Sorrentino (GE)
Francesca Telesio (GE)
Damien Terrade (SA)
Gabriele Torre (GE)
Fabio Trani (NA)
Alberto Ubaldini (SA)
Sureeporn Uttiya (GE)
Luca Vannucci (GE)
Valentina Vivaldi (GE)
Ying Zujian (SA)
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Community

Administrative Secretary

Administration

Management Support

Personnel Management

Technical Services

Sabrina Poggi (GE)

Vincenza Calvisi (AQ)
Antonia Loffredo (SA)
Sonia Morra (NA)
Cristina Parisi (NA)
Rosalia Sacco (SA)
Stefania Scotto (GE)
Valeria Talamo (GE)

Vincenzo De Martino (NA)
Maria Paola Osteria (NA)
Adriana Santroni (GE)

Maria Antonietta Gatti (AQ)
Daniela Pollio (GE)

Salvatore Abbate (SA)

Imma Annunziata (SA)
Salvatore Energico (NA)
Marco Raimondo (GE)

Chiara Robustelli (GE)
Francesco Maria Taurino (NA)
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Community

Office of Administrative and Technical Support to the SPIN Institute established in Genova
(shared with CNR NANO and IOM Institutes)

Office Deputy Director

General Services

Recruitment of Temporary
and Atypical Staff

Legal Services
Institutional Provisions
Management of Tenders and Contracts

Fund Raising
Funded Projects
Technology Transfer

Marco Campani

Alberto Arnone

Marco Campani

Paolo Ciocia

Jose Carlos De Almeida Nunes Manganaro
Maria Carla Garbarino

Matilde Bolla

Piero di Lello
Fabio Distefano
Marco Punginelli
Liliana Sciaccaluga

Enrico Camauli
Monica Dalla Libera
Danilo Imperatore

Italian, EU and International Projects

Barbara Cagnana
Paola Corezzola
Francesca Fortunati
Tatiana Marescalchi

Industrial and Institutional Agreements

Roberta De Donatis

Scientific Support

Elisabetta Narducci
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Locations

SPIN belongs to theNR Physical Sciences and Technologies of the Matter Departnf Ocpimentof
(www.dsftm.cnr.it)directed by Dr Corrado Spinella, and includes the following locati nd Technologies of Mat

Genova(headquarte) - mainfocus:superconductivityinnovativematerials

Corso F.M. Perrone, 24
16152Genovaltaly

Universityof Genova

DeputyDirector. DanieleMarré

[ Q! I|j-dadirffokbus:ferroicsand multiferroics

\ Universityof[ Q! |j dzA £ I

:: "=lex"sy . PhysicDepartment

& meloe
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DeputyDirector. Gianni Profeta
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Deputy Director: Carmela Aruta

Salerno- mainfocus:superconductivitand magnetichybrids
Deputy Director: ;
Giovanni Piero Pepe
Universityof Salerno
PhysicDepartment

DeputyDirector. Antonio Vecchione
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Contacts

Genova

Corso F.M. Perrone, 24
16152 Genova

Ph. +39 010 6598750
Fax +39 010 6506302

Napoli

University of Napoli Federico Il
c/o Department of Physics

Via Cintia

80126 Napoli

Salerno

University of Salerno

c/o Department of Physics
Via Giovanni Paolo Il, 132
84084 Fisciano (SA)

[ Q! lj dzA £ |
' YAOGSNERAGE 2F
c/o Department of Physics

Via Vetoio Localita Coppito
67100 L'Aquila

Roma

University of Roma Tor Vergata

c/o Department of Physics
Via Della Ricerca Scientifica, 1
00133 Roma

University of Roma La Sapienza

c/o Department of Physics
Piazzale Aldo Moro, 2
00185 Roma

direttore@spin.cnr.it
segreteria@spin.cnr.it

gpepe@na.infn.it

antonio.vecchione@sa.infn.it

[ Q! |j dzfiahrli.profeta@spin.cnr.it

carmela.aruta@spin.cnr.it
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Research Lines
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1. Materials and mechanismf superconductivityandits power applications
(Activityleader. AndreaMalagoli)

2. Superconductiveand hybrid quantum nanostructuresand devices
(Activityleader. ProcoloLucignano)

3. Cooperativephenomenain advancedmaterialswith magneticand/or dipolar electricordering
(Activityleader. Mario Cuoco)

4. Functionalmaterialsand novel devicesfor electronicsand energyapplications
(Activityleader. EmilioBellingeri)

5. Dynamical, electronic and transport properties of complex systems and functional
materials

(Activityleader. GiovanniCantele)
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Research Lines

1. Materials and mechanism of superconductivity and its power
application

Activity leader | AndreaMalagoli(andreamalagoli@spircnr.it)

Researchers C. Bernini, V. Braccini,C Ferdeghini,A. Gerbi, G. Grimaldi, G. Lamura,A.
Martinelli, AM. Massone). PallecchiA. VarlamovM. Vignola

i F. CanepaM.R Cimberle P. Dore,U. GambardellaP. Manfrinetti, A. Nigro,
Associate Researchers S PaceM. Pani,M. PianaM. Polichetti,M. Putti, A. Siri,P. Romano

The activity missionis focusedon the study of superconductivityand its power applications The
researchis carried out by Genovaand Salernounits, which share severalskills and expertise The
Genovaunit is mainly active on the preparationof superconductingnaterialsin form of bulks, films
andwiresandtheir characterizationTheSalernounit is mainlydevotedto the investigationof pinning
mechanismswhichmaybe of significantinterestfor technologicahpplication

During this last period, in Genova,severalresearchactivities related to Febasedsuperconductors
involvedour scientificcommunity. Thestudy of the basicpropertiesof suchnew superconductorded
to remarkableresults,amongthem: a) the identification of a strong magnondrag effect, whichis a
direct evidenceof the chargecarriersspin wavescouplingin unconventionalsuperconductorsn the
parentcompoundsof the 1111 phase b) new insightsabout the interplay amongthe lattice, spinand
orbital degreesof freedom in La(Fg,Ru)AsOand La(Fg Mn,)AsO phases The Image and Data
AnalysisGroupdevelopedcomputationaltechniquesbasedon inverseproblems,pattern recognition
and image processingtheory for automatic processingSTM images of FeSegTe,, thin films.
Remarkableesultscamealsofrom the applicativeside of our research Forthe first time in Europe,a
superconducting-ebasedtape (Ba122) wasrealizedandthe crucialpoints of the possiblescalingup
of the processwere analyzed A new scalableprocessfor the realizationof high-performanceBi2212
wires was developed,which should boost their applicationin high field magnets A pilot systemfor
the fabricationon largerscaleof nano-sizedMgB, precursorsvasdevelopedaswell.

The researchin Salernofocusedin particular on the
study of the current stability andthe phasediagramof
mesoscopic superconductors it was proved that
confinedvortex dynamicresultsin a limiting maximum
velocityfor the AbrikosoMattice. Pinningpropertiesof
the optimal doped compound were investigatedin
NCCahin film: the analysissuggestghe presenceof
two possible kinds of pinning centers in such
compoundwithin a weakcollectivepinninglandscape
Finally, Salerno unit successfullyclosed the PON
ProjectNAFASSNAtionalFAcilityfor Superconducting
A Systemsand a new laboratory Material Scienceand
Superconductivityat SPIN from single crystalto T EChnology Research Lab (MASTER)was set to
multifilamentary wires for applications On the ~measureadvancedmaterialsand devicesin extremely

right the new cryogenicsystemat SPINGEfor high  high magneticfieldsandverylow temperatures
critical currentmeasurementsn variable magnetic

field andtemperature
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Research Lines

2. Superconductive and hybrid quantum nanostructures and devices

Activity leader | ProcoloLucignangprocolalucignano@spimnr.it)

Researchers | C CamerlingoC Cirillo,R Cristiano,S DeNicola,M. EjrnaesF. Giubileo,M.
LisitskiyN. Martucciello,C Nappi,A. Porzio ESarnelliM. Valentina

; A. Andreone,C. Attanasio,F. Bobba,G. CarapellaA. Cucolo,C De Lisio,S
Associate Researchers Paganol. Parlato,G.P. Pepe . Tafuri,A. Tagliacozzo

Theactivityfocuseson fundamentalandappliedtopicsin superconductinglectronics
Superconductingdevicesare adopted as a fertile playgroundto attack fundamentalissuesin
physics suchasmacroscopiguantumtunnelingor topologicalphasesof matter. Thesamedevices,
are studiedasbuildingblocksfor future quantumelectronicdevicesand/or for novelsensors

The superconducting materials can either be conventional swave BCS or unconventional
superconductorse.g. cupratehighcriticaltemperatureor iron basedsuperconductors

We study a wide numberof devicesincludingconventionalJosephsonunctions, hybrid structures
involvingunconventionaimaterialsactingasa y 2 NJarrieror nanowire shapedsuperconductors
(mostly studiedfor singlephotondetectors)

Barrier materials can be conventional metaloxides, semiconductors, topological insulators,
ferromagnetsandother innovativematerials,asgrapheneor nanowireswith spinorbit interaction
Most of the people are involved in experimental researches, mainly carrying transport
measurementst low temperatures(rangingfrom few tensof mKto someY Q &uchmeasurements
canalsobe done in the presenceof electromagneticradiation, rangingfrom visibleto microwave
wavelengths

Local microscopy and noise measurementsare also performed, as well as magnetcoptical
characterizationsnd opticalpumpandprobe spectroscopies

a) | ] b) N I There are also two research lines
| . : | | | closerto optics, one on entanglement
_ | 28fm | ] | ! and quantum properties of optical

[ ' | systems, and one on photonic
1| | | ‘ metamaterials both she}r,ing Athe A
| | ‘ ( L ’ commonroot of & Ij dzI yORJIKYS NI
with the bulk of the project
R IO S Theoretical modeling aims at
s ® understanding our  experimental
findings, and designing/engineering
novel experimental proposals It is
mostly based on analytical and

10 T 100 340

T T numerical description of super

a) Widths of Switchingcurrentdistributionsin SFSunctions,showing cgnducting hyb_rid systems ir? low
MQT, Nat.Comm 6, 7376 (2019; b) High-angle Fe(Se,Tepicrystal dimensionsand,in general,appliesthe

grain boundaryjunctions,APL104, 162601(2014); c) Powerspectral techniques of mesoscopic quantum
densityof 1/f noisein ultrathin Cusamplesshowingthe crossoverto
o SO electrontrasnportto the systemsaunder
the weaklocalization ScientificReportss, 10705(2015 . . P y
mvestlgatlon
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Research Lines

3. Cooperative phenomena in advanced materials with magnetic and/or

dipolar electric ordering

Activity leader | Mario Cuoco(mario.cuoco@spircnr.it)

Researchers A.Ciattoni, RFittipaldi, P.Gentile, AMarino, EMiletto, D.Paparo, SPicozzi,
A.Stroppa,V. TkachenkoA.VecchioneX Wang

Associate Researchers| G-Abbate, SAmoruso, GAusanio, RBruzzese, P. Calvani, V.lannotti,

LLanotte, LMarrucci, P.Maselli,C Noce,A. Nucara,LOttaviano,G.Profeta,
A. RomanoU.Scottidi Uccio

The present researchdeals with the synthesis,the analysisand the modellingcomputation of
materialswherethe couplingof spin,charge andorbital degreesof freedom,asdue to the electron
electronand electronlattice interaction,leadsto electricaland magneticunconventionaproperties
Theresearchhasbeenfocusedon systemsavherethe propertiesdependon cooperativephenomena
of coexistencend/or competitionof different typesof orderings

Systemsf interestsare grown asthin films and singlecrystals Thekey aimsin the synthesisare to
achievecontrolledinterfacesin epitaxialheterostructures nano-particlesby meansof laserablation
with ultra short pulsesand high quality single crystals The effort devoted in the realization of
materialswith a high degreeof orientation and purity were crucialto gaina better control of the
fundamentalinteractionsthat determinethe occurrenceof different quantumcorrelatedphases
Thepropertiesof the investigatedsystemsaretypicallycarriedout by advancedechniquesbhasedon
the interaction of radiation with matter, suchaslinear and non-linear optical spectroscopytunnel
and atomic force microscopy electrondiffraction and photoemission Concerninghe thin films and
multilayersartificial systemsyreaktime diagnosticbasedon optical techniquesare performedto get
an atomic level control of the deposition process This investigation is complemented by
experimentsbasedon high and low temperature and applied magneticfield of magnetization,ac
susceptibilityand dc magnetoresistancegurrent-voltagecharacteristicetc.
Theoreticaimodelingbasedon ab-initio and many

_ . L body methodologieswith analyticaland numerical
@ . : techniques are employed to face the quantum

‘ . % g I B complexity of systems with strong electron

charge @ \ / correlation The main effort is devoted to the
— @ D . ? spin < V> determination of the structural, magnetic,

electronic and magnetcelectric properties The
§ synergy between the computational and

ﬁ experimentalresearchactivitiesis muchrelevantas
T € A M me, it allows to get an accurate description of the
i W W |, | propertiesin bulk materialsaswell asin thin films,
}.‘"% . surfaces and interfaces of oxides based on

o= . . .. .
-5 :',',‘ transition metals,this allowsa deepinsightinto the

1&§ : FO S 3 pita2l| mechanisms that mark the behavior of

ital- "y . : : . ,
orbital-1 > multifunctional materials, such as multiferroics,

correlatedspin-orbital-lattice systemsat large, etc.
Schematic representation of the coupling between spin,

charge and orbital degrees of freedom.

SPINScientificReport2014-2015 pag. 17 ~ r

—

]



Research Lines

4. Functional materials and novel devices for electronics and energy
applications

Activity leader | EmilioBellingeri(EmiliaBellingeri@spirenr.it)

A. Ambrosio,C Aruta, M. Barra,F. Bisio,R Buzio,V. FogliettiA.Gerbi(50%), A.
Kavokine,R Moroni, P. Orgiani, I. Pallecchi,L Pellegrino,S Lettieri, M.
Salluzzo

. G. Ambrosone G. Balestrino,F. Bloisi,L BraicovichR di CapuaA. Cassinese,
Associate Researchers p, Dj Castro,G. Ghiringhelli,G. Costa,M. Ferretti, P. Maddalena,L Maritato,
D. Marré, S Siri,A. TebanoR Vaglio L Vicari

Researchers

Theresearchon transition metal compoundsand organicmaterialswhosepropertiesare appealingfor
applicationsn electronicsand energyare the main objectivesof this researchiine. Theactivity canbe
resumedin four maintasks

1) Preparationand studiesof thin film of transition metalscompoundg oxides, chalcogenides..) and
of organicor hybridcompounddor applicationdn the fieldsof electronics, spintronicsandenergetics
2) Studyof interfacephenomenan heterostructures fu@cffonalmaterials.

3) Innovativedevicedor applicationgn electronicspptoelectronicsspintronics sensorsandenergy
4) Realizationand study of nanostructured materials with properties artificially controllable by
optimizingthe morphologyat the nanoscale

In particular, a large effort is devotedto the investigationof: interfacial propertiesboth in transition
metal oxide heterostructures (SrTiQ-based and ZnGObased heterostructures) and in organic
multilayers investigationof ferromagneticand ferroelectric properties of multiferroic films; study of
electronic and magnetoelectronic properties of manganite and cuprate thin films and
heterostructures Chargeransport andtrapping phenomenain organicsemiconductorsaand interfacial
electronic phenomenain organicorganic and organicinorganic heterostructuresare studied in the
frameworkof organicelectronics

Prx Py 40 T Studieson materials at the nanoscaleare also
= (ny "H) mx/m/w , =, addressed to the development and
W‘z\ s = Jf characterizationof magnetic nanoparticles and
o an \VANED > realization and Investigationof mechanicaland

— '\f\ N, electricalmemoryeffectson oxidebasedMEMS
L N o About energy related materials, engineering of
PP Vet 2 0 0" 7 Y materials and or heterostructures with high

- (S m/x\/‘ ' [\ . A proj[on/io.n conductivity for appligationin micro-
“Bu 57w \ A/ \ ';‘zgia Solid Oxide Fuel Cells are studied, as well as

g" Tnmmm‘“' ‘ g ;/““vfﬂ\/“v; plasmonic resonances of transition metal
P ~-——--.u,\,\/\\ s ;f:\ nanoparticles for photovoltaic cells absorption

pleat sk —Tlernst conects ! enhancement For termopower application the
s T s & role of quantum confinement in enhancing

Sample Pt e thermoelectric properties in oxides materials is

studied

Firstobservationof quantumoscillationin the thermoelectric
properties of 2DEG in ZnO/(Zn,Mg)O high mobility
heterostructure

SPINScientificReport2014-2015 pag. 18 r ]




Research Lines

5. Dynamical, electronic and transport properties of complex systems
and functional materials

Activity leader | GiovanniCantele(giovannicantele@spircnr.it)
Researchers | A BraggioA. Fierro,P. Solinas

Associate Researcherg V- CataudellaR Citro, A. Coniglio A DeCandiaG. DeFilippis,M. Nicodemi,
D. Ninno,CA. Perroni,M. Sassetti

Thisresearchline hasbeenfocusedon advancedpropertiesof complexmaterialsand deviceswith
new functionalities, highlightingpossibleapplications,such as (nano)electronicsthermoelectricity
and energyconversion(nano)electromechanicg hetheoreticalmethodsencompasdirst-principles
calculations effective model Hamiltoniansfor the study of electronphonon effects and quantum
transportin innovativedevicesstatisticalmechanics

-Ultrafast optical responsein highly correlated materials Models basedon the HubbardHolstein
Hamiltonian show that the cooperative photoexcitation of the electronic and other (bosonic)
degreesof freedomin achargetransferinsulatorsuchasLgCuQ,, , drivesthe formation of itinerant
quasi particles, that in turn lead to an effective renormalizationof the chargetransfer gap The
predictionsmatchexperimentalbutcomeson this classof materials

Electronvibration effectson the thermoelectricefficiencyof molecularjunctions Thesearchof new
efficient materials for energy conversionhas encompassedhe possibility of controlling material
properties by reducing their dimensions, eventually reachingthe molecular limit. Appropriate
models have been able to point out that the junction thermoelectric efficiency is substantially
reducedby the electronvibrationcoupling

-Thermal and transport effects in low-dimensionalmaterials and topological insulators Several
theoreticalapproachedhavebeenemployedto explainthe electrontransportin hybrid nanosystems
and junctions, as well as in topological materials under external voltage and time-dependent
potentials Accurateanalysedaveshownthe possibilityof heattransport, storageand manipulation

in quantumsystems _ _ _
-Electronicproperties of complexinterfaces

Using first principles approaches the
microscopic  properties of  complex
semiconductorsemiconductor and metal
semiconductor interfaces have been
unravelled In particular, the role of
stoichiometry,as a new degree of freedom
for tuning interface barriers, has been

highlighted
t
»

o
;
t’,
.

Thermoelectric
element (TE) Y

Josephson junction

: T -Statistical mechanicsof complex systems

1" k K Molecular dynamics simulations have

Left load Right lead revea_ll_ed _the mechanlsms qf solgel
transitionsin polymeric suspensionsas well

Schematicview of thermoelectricdevicesbasedon as |S Systems of interest for b|0medlcal

(top panel)a normal metakerromagneticinsulator
superconductor junction and (bottom panel) a
molecularjunction

SPINScientificReport2014-2015 pag. 19 I_‘

—

applications







Equipment

SPINScientificReport2014-2015 pag. 21 :Ir ]

SPIN



Main experimental facilities

Genova

The ResearchUnit of Genovahas a large amount of scientific equipment allowing preparation of
different materialsin bulk, wire, tape andthin film form, aswell asmorphological structuralmagnetic
and transport properties characterization The UOSown also a Helium liquefier allowing L-HE
productionof about 15 liters per hour and a setupfor Hegasrecoveryandstorage
Mainequipmentsin SPINGenova.aboratoriesre:

Bulkand (nano)powderspreparation

Different chemicallaboratoriesequippedfor synthesisof different materialsby solid state reactions
andchemicakharacterization

SuperconductingViresandtapes

Rolllingand Drawingmachinesallowingthe realizationof tapesand wires on kilometer length scale
usingthe powderin tube technique Variousfurnacesn different controlledatmosphere
ThinFilmDeposition

Two excimerlasersand one Nd'YAGlaser,two PLDsystemswith multitarget carouseland RHEED
tools for in situ monitoring of the growth. One mixed MBE/PLDsystem, severaleffusive cells for
transitionmetaldeposition Thelab own alsoanink-jet printer for low costmaterialdeposition
Devicefabrication

Cleanroom equippedwith optical lithographyfacilities, DCsputtering system,AFM nanolithography
systemsupercriticaddrier system

ScannindProbeMicroscopy

AtomicForceMicroscopeand Low TemperatureScanningr unnelMicroscopeallowinginvestigationof
morphologicabndfunctionalpropertiesof thin filmsanddevices
OpticalSpectroscopyandtransportand magneticpropertiesmeasurements

Variable temperature MOKE system, Spectroscopicellipsometry, 2 Squid systemsfor magnetic
characterizationand a Physical Properties Measurement System by Quantum Design, several
cryostatsfor electrical thermoelectricalandthermaltransportpropertiesmeasurements

Thin film depositio
laboratory

Deformation Laboratory

Low Temperature
Scanning Tunnel
Microscope
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Main experimental facilities

Napoli
TheUOSNapolihasa considerableset of scientificequipmentcoveringthe following areas advanced
thin films deposition,micro- and nanc-patterning, structural/morphologicaland electronictransport
characterizatiordown to ultra-low temperaturesin the presenceof high magneticfields or external
radiation,advancedptical characterizatiorand spectroscopyn the wavelengthrange200- 1500nm
also time resolved, low noise electronic characterization of devices, sensors and detectors,
high/performancecalculus Part of the equipmentis located in the CN.R in PozzuoliCNRArea 3,
while some equipment is part of a larger pool belongingto the Department of Physicsof the
University Federicdl andis locatedin sharedlaboratories Recentlyadvancedcryogenicequipments
have been set up in collaborationwith the SecondaUniversitadi Napoli (SUN),and locatedin the
laboratoriesof CNRSPINNapoli
Somerelevantequipmentsare:
MODAsystem Modularfacility for oxidedepositionandin-situ analysisf epitaxialthin films;
Configurable dilution refrigerator TRITON 4fierating at temperatures below 1K combined with
low noise signal lines and a rapid sample exchange mechanism;
Quanta600 FEIScannindelectronMicroscopy(SEMwith field emission(FEGrombinedwith a Raith
ElectronBeamnano-Litography(EBL¥ystem
Ultrafastoptical pump-probe systembasedon a Ti.Sapphirdaseramplifier deliveringsub-100-fs laser

pulsesat a repetition rate of 1 | &nd with a working spectralbandwidth rangingbetween 500 and
1500 Y. Y

Ultrafast PumpProbe <100fs
spectroscopy

<10mK cryogen free
cryostat for quantum

measurements
M.O.D.A
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Main experimental facilities

Salerno

TheUOSSalernohasa large amount of scientificequipmentcoveringthe following areas advanced
material fabricationin bulk and thin film form, structural and transport characterizationmicro and
nano patterning, advancedcalculus Some equipment is part of a larger pool belongingto the
UniversityhostDepartmentgPhysiceind Engineeringandis locatedin sharedlaboratories
Somerelevantequipmentsare:

Electron microscopyfacility: one tungsten/Lal® SEM(LEOEVO50) with a secondaryelectron and
41t |j dz FONJ Oy (it Zeledtran ededtbrs, EDX,WDX and EBSDanalysis one  FESEMj igma by
ZEISSyith InLens SR and BSHletectors,and nano-manipulators

Bulk Infraredimagefurnacefor floatingzonecrystalgrowth.

Thin Films molecular beam epitaxy system equipped with different effusive cells and S 1t Afdey”
RHEERnalysis PLDsystem( sharedwith CNRIOM Institute at ELETTRArieste) different sputtering
systems

Transport

Cryomagnetsystemsfor thermoeletric effects as well as magnetic and transport properties in
magneticfield upto 16 Tanddownto the lowesttemperatureof 50 mK

Cryogen Free
Magnet Variable
Temperature Insert

Molecularbeamepitaxydepositionsystem
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Main experimental facilities

[ Q! IjdzA € |

TheresearchUnit in L'Aquilais mostly composedby theorists Thecomputationalresourcesused
by the SPINAQ researchersare predominantly located at Supercomputingcentersall around
Europe (Cineca,BarcelonaSupercomputingCenters,etc). Therefore,no specificequipmentis

locatedin L'Aquila

Roma

At University of Tor Vergata SPINlaboratory is hosted in the
EngineeringDepartment The relevant equipmentsare devoted
to the thin films growth (mainly heterostructures and
superlatticesbasedon oxide perovskitesystems)oy pulsedlaser
deposition (PLD)and their characterizationby structural and
transportmeasurements Relevanequipmentsare:

three PLDchambersa 3 circle diffractometer allowingreciprocal
spacemappingand two cryocoolersableto godownto 15 Kare
available,one of the two cryocoolersalso equipped with an
electromagnetable to producea magneticfield up to 1 T along
an arbitrary crystallographicdirection. A recent upgradeof an
electricalmeasurementsvorkstation allows four point transport
and -V measurementsip to 800°Cin ovenwith quartztube with
controlledgasenvironment

At University of La Sapienza SPINis hosted in the Physics

Department The scientific equipments are covering the
investigation of solidstate materials, nanostructures and
biological systemsby optical spectroscopyfrom the very far-
infrared range through the mid-infrared up to the ultraviolet.
Relevant equipments are: broadband Fouriertransform
spectroscopy is the main experimental tool, but grating
spectrometers,infrared microscopes,quantum cascadelasers
andterahertzamplifiermultiplier chainsare alsoavailable

Interferometer BRUKER
66V equipped with a
cryogenic apparatus for
transmittance and
reflectivity measurements
down to 5 K and with an
infrared microscope
Hyperionll
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Pulsed laser Deposition system
with in-situ RHEED Diagnostics
equipped with a multitarget
system for oxygen deposition
atmosphere enriched with 12%
of ozone.

AFM coupled to
a Quantum
Cascade Laser
for infrared
microscopy
below the
diffraction limit.
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Projects & Grants

Coordinator o

Title of theproject

UFOX Unveiling in functional
hybridesoxides

FLARECASTlare likelihood and
Region eruption forecasting

Academy of
To BE Towards an OxidBased

SUPERRON- Exploring the potentie
of Iron-based Superconductors

IRONSEA Establishing the basic
science and technology for Iren
based superconducting electronics
applications

CNTQC Curvednanomembranegor
topologicalquantumcomputation

COHEAT_Coherent heat and energ SPIN GenoVaAIessr:mdchragglo
transport in quantum system

CNRBilateral ScientificcooperationCNR BAS
CNRBilateral Scientific cooperation CNFRA
CNRBilateral Scientific cooperation CNFCNRS

CNRBilateral Scientific cooperation CNHBAS

IMESS Improved MgB2 wires for
energy storage in liquid hydrogen
cooled superconducting coils
Joint research projects within the
executiveprogrammeof cooperatior-

in the field of science and technolo

Joint LaboratonlCNR NTU

Singapore on Amorphous materiall CNR; NTU
for energy harvesting applications

SPIN Active ProjectsEuropean and International funds

1SPIN leader .SPIN uos
involved
SPIN Salerno Mario Cuoco Salerno

Anna Maria Massone Genova

SPIN Napoli Fabio Miletto Napoli

SPIN Genova Marina Putti Genova

IFW Dresden Sergio Pagano Salerno

IFW Dresden Paola Gentile Salerno

PaoloSolinas Genova
Salvatore Amoruso  Napoli
Alessandro Stroppa  L'Aquila

Procolo Lucignano Napoli

Massimiliano Polichetti Salerno

SPIN Genova Maurizio Vignolo Genova

SPINScientificReport2014-2015
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Projects & Grants

SPIN Active ProjectsNational funds

Source of Title of the project

funding

the project

Coordinator of

SPIN leader

SPIN UOS

involved

Grant €)

Oxides interfaces: new emergent
MUR PRII'properties,multifunctionalityand
devices for electronics and energ

Universita di
Napoli

MIUR FIR Lo
... Nanostructured oxides:
Accordi di ) . . . .
multifunctionalityand application Bicocca
progr.
Molecularnanomagneton metal
MIUR FIR homag o
. .and magnetic surfaces for Universita di
Accordi di . . :
applications in molecular Firenze
progr. : :
spintronics
Unjamming transition in granular
MIUR FIR - vamming gran
. and seismic precursor materials: .
Futuro in : SPIN Napoli
: theory, experiments and
Ricerca . .
simulations
Hybrid superconducter
MIUR FIR semiconductor nanostructures: . s
: : o Universita di
Futuro in nanoelectricapplications, Napoli

Ricerca topological properties, correlation
and disorder

MIUR FIR COCA Coherentcaloritronicsin

Futuro in mesoscopisuperconducting CNR NANO
Ricerca circuits

MIUR Integrated and eceustainable

Premiali technologies for production, CNR

Grant storage and use of energy

MIUR Magnetic and superconducting

Premiali materials and devices for sensingCNR

Grant and ICT

MIUR Co

Premiali Beyond the classic limits of INRIM
measurement

Grant

MIUR EOS Organic electronics for

Premiali research innovative INFN

Grant instrumentation
New nanotechnological strategies
PON for the development of drugs and Biogem Scarl

diagnostic tools directed towards
surrounding cancer cells

Silvia Picozzi

Universita MilancRuggero Vaglio

Daniele Marre

Silvia Picozzi

Massimo Pic&iamarra

AlessandrdBraggio
Procolo Lucignano

PaoloSolinas

Valeria Braccini
Gaia Grimaldi

Giampiero Pepe

Giampiero Pepe

Antonio Cassinese
RenatoBuzio
AndreaGerbi

Giampiero Pepe
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L'Aquila
Salerno
Napoli
Genova
Napoli
Salerno

L'Aquila

Napoli

Genova
Napoli

Genova

Genova
Salerno

Napoli

Napoli

Napoli
Genova

Napoli

197.271

220.36(

242.611

209.99(

414.62:

251.29:
188.83:
47.00C
25.00(

225.00(

102.00(¢
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Projects & Grants

SPIN Active ProjectsRegional and local funds

Source of Coordinator of

funding Title of the project the project SPIN leader
MAGISTERMagneticinformation : : :

Feine storagein antiferromagnet P e o Alessandro Stroppa

CARIPLO >0"@d 9 Milano PP

spintornicdevices
Regione Electronic reconstruction at STO
CampaniaLAO interface of interest for SPIN Napoli Marco Salluzzo
L.5 microelectronics
: The role of interfaces in magnetic
Regione . . . .
._oxides with strong electron : Antonio Carmine
Campania . . SPIN Napoli X
correlation: manganite Perroni
L.5
heterostructures
Superconductivity in Nansystems
macroscopic quantum effects in
nanostructured superconducting
devices
Regione Deposition and characterization ¢
Campanian-type organic films for electronic SPIN Roma CarmelaAruta
L.5 applications
Optical second harmonic
generation for the study of
conductive interfaces between
insulating oxides
Interface states and competition

Regione
Campania
L.5

SPIN Salerno  Pasqualérgiani

Regione
Campania
L.5

SPIN Napoli LorenzoMarrucci

Regione :
Campaniabe'[we.en or'dered _phases in- SPIN Salerno  Sandro Pace
L5 eutectic oxides with perovskite
structure
Regione SIMAG Innovative system for
Campaniacontinuous environmental Filippetti Spa  XuanWang

PO FESR monitoring
Production of laser systems in the
Regione violet and the neaitR spectral
Campaniaregion for the printing industry ~ Metoda Spa Alberto Porzio
PO FESR usingsolitonwaveguides in
photoniccrystals

Regione New/upgraded equipment and Giampiero Pepe

Campaniainfrastructures AntonioVecchione

Internal EUCASStrengthening of applied

Funds  superconductivity activities SN Geneve - e Vighele
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SPIN UOS
involved

L'Aquila

Napoli

Napoli

Salerno

Roma

Napoli

Salerno

Napoli

Napoli

Napoli
Salerno

Genova

Grant €)

77.00C

14.00C

14.00C

8.00C
8.00C

15.00C

15.00C

60.00(C

27.84(C

273.00(

168.61¢
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Projects & Grants

SPIN Active ProjectsCommercial funds

SPIN UOS

Grant €)

Typologyof Activity SPIN leader
Congressponsorships Filippo Giubileo
Rosalbdrittipaldi

Testingandlaboratorymeasurements Cristina BerniniAndrea Malagoli

Research Contract with CNISM XuanWang

Research Contract with ENEBMARTAGSRuggero Vaglio

Research Contract with ENEA Umberto Gambardella
Research Contract with CIEMAT Umberto Gambardella
Research Contract with ALA Srl Anna Maria Massone
Research Contract with IM&FI Sergio Pagano
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involved
Salerno

Salerno
Genova

Napoli

Napoli

Salerno

Salerno

Genova

Salerno

22.50(C

94.00(¢

140.00(¢

248.05(

10.55(C

10.00C

40.00(¢

14.64C
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Projects & Grants

M EU / International
m National
m Regional / Local

B Commercial

X

2014-2015active projectstotal amount: ~5 Me

; 15%
Commercial h 67%
18%

11%

; 23%
25%

15%

. 13%
Netional | " saleme
37%
1% [
B Napoli
_ 39%
40%

B Genova

L'Aquila
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator
SPIN Coordinator

Other partners

Project objectives

Anisotropic efching

200 nm

Fabrication of highly curved templates

200 nm ({

SEM images of a 3D groeNee
architecture with large curvature
(from the project website
http://www.nano2qc.eu)

Curved nanomebranes for topological Quantum Computation
CNTQC

EC funds

FP7-1CTF2013-C

Leibniz Institute for Solid State and Materials Research Dresden
Paola Gentile, SPIN SA

University of Groningen

Majoranafermions- particlesthat are their own antiparticles- are at the

heart of topologicalquantumcomputation

Although the solid-state-devicesso far proposedto detect such states
consistof rather "conventional" building blocks,the actual experimental
observationof Majoranamodesis still the biggestchallengein the field.

The experimentaldifficulty stemsfrom a delicate fine-tuning of intrinsic
materialspropertiesand externalquantities

Theaim of the CNTQ@roject is to overcomethese hurdlesby designing
novel three-dimensionalnanoarchitecturesn which the curvedgeometry
can actas an effectivequantum tuning knobto regulate on demand
the required physicalingredients for the generation of bound

Majorana fermions The feasibility of this concept is rooted in the

theoretical observation that by inducing curvature in a

nanomembrane, a tunable spirtorbit coupling for the electrons is

generated

Themainobjectivesof the projectare:

w To fabricate curved nanomembranesf conventionalsemiconductors,
metallic and superconductingnaterialswith curvatureradii down to tens
of nanometers

wTo establishthe fundamentaleffect of a curvedspaceon spin-orbit and

electronphononinteractionsin different geometriesboth in conventional
semiconductorand superconductingnaterials

wTomeasurethe influenceof curvatureon the spin-orbit interactionwith

smokinggun spin transport experiments,in order to designnovel curved
three-dimensionakpintronicnanodevices

w To investigate the effective a G 2 LJ2 f fugkicdhduttibgregime in

strongly curved s-wave superconductivenanomembranesand to detect

experimentally the curvatureinduced generation of Majorana bound

states

SPINScientificReport2014-2015
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

D(t)
% 3
> = \ =
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P 2

Josephson junction

A Superconducting Quantum
Interference Device (SQUID)
pierced by a timedependent
magnetic flux. The device can be
used a refrigerator to cool one of
the superconducting electrode.

Coherent caloritronics in mesoscopic superconducting circuits

CoCa

MIUR National funds

FIRB Futuro in Ricerca 2013
CNRNANO

Paolo Solinas, SPIN GE

CNRNANO, Pisa

The project aims at strengtheningour understandingof phasecoherent
heat transport in mesoscopicsuperconductingecircuits and at developing
new strategiesfor exploiting it in new coherent caloritronic devices In
analogy to electronics, caloritronics encompassesthe techniques for
controlling, measuringgdistributing, storingand convertingheat 6 & O Firt
Latin) Caloritronic devicesallow to manipulate the heat transport by
controllingthe superconductingphasethoughthe externalmagneticflux.
The project has a twofold approach The CNRSPINunit will developthe
theoretical framework necessaryto the design of innovative and more
efficient caloritronicdevices Thesedeviceswill then be implementedand
experimentallytested in the facilities of the CNRNANOunit. Sincethe
CoCaroject started, the collaborationbetween CNRSPINand CNRNANO
hasconstantlybeingstrengthened

Onthe theoretical side, the most interestingresultsachievedso far have
been the proposal for a JosephsonRadiation Comb, a Microwave
JosephsonRefrigerator and thermal transistor and memory. The first
allows us to to generate sharp and accurate voltage pulses with
metrologicalapplications Thesecondone with time dependentmagnetic
flux allowsusto activelytransportheat betweentwo superconductorand
cool one of them. The high cooling performances,the scalability and
simplicity in the control of the deviceopen the way to its use for many
coolingapplications

Thethermaltransistorwould allow usto store and manipulateinformation
in terms of bits of heat

Themain experimentalachievementshave beenthe implementationof a
doubleloop SQUIDheat interferometer and the realization of a thermal
diodeableto rectify the heattransportbetweensuperconductors

SPINScientificReport2014-2015
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

w4
Topological phase diagram of
hybrid nanoSQUID.

o

- )

e
)

Critical Current (p. A)

Magnetic Field (mT)

Magnetic pattern of a
SuperconductoiT opological
InsulatorSuperconductor
junction

Hybrid superconductesemiconductor nanostructures: nanoelectronic
applications, topological properties, correlation and disorder

HybridNanoDev

MIUR National funds

FIRB Futuro in Ricerca 2012
University of Naples

Alessandro Braggio SPIN-@Ebcolo Lucignano, SPIN NA

Thegoalof this projectisto designand studydeviceprototypesbasedon a
nano-hybrid quantum architecture encompassingsuperconductorsand
semiconductors Nanotechnologiesprovide a unigue way to link the
superconducting and semiconducting materials, combining the
complementarypropertiesand realizingnew functionalities The study of
hybrid nano deviceshas a strong impact both on fundamental and on
appliedphysicsrespondingto one of the most recentissuesn condensed
matter physics the ability to measure and manipulate complex
particles/electronicexcitations

Superconductossemiconductor nanostructures are the key ingredient
towardsthe superconductingransistorand they are very promisingfor a
variety of applications ranging from low-power spintronics to ultra-
sensitive detectors in the THz regime and quantum information.
The project aims at 1) understandinghow superconductingcoherence
propagatesin one-dimensional barriers and across Wa Y inksifdtes
composed by unconventional superconductorsand nanostructures 2)
definingtheoreticallyand experimentallysignaturesof Majoranafermions
and of topological protected states, both substantially driven by
correlations,out-of-equilibriumconditionsanddisorder.

In these years,we have studied transport of charge,spin and energyin

structures based on conventionaland unconventionalsuperconductors,
with barriers composedof semiconductingnanowires (InAs, InSb, InP),
ferromagneticinsulators,normal metals as well as flakesof grapheneor

topologicalinsulators(B2Te; and ShyTe;). Also,the couplingwith the two-

dimensional electron gas at the LaAlQ/SrTiQ interface has been

approachedandcharacterized
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Projects

Main Projects

Title

Acronym

Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

Active region detections. Each
separately coloured contour has
more than 25 magnetic properties
calculated from an input pair of
line-of-sight magnetograms
recorded by the NASA SDO/HMI
satellite. FLARECAST is using
these active region properties to
give accurate, upo-date flare
forecasts.

Flare likelihood and Region eruption forecasting

FLARECAST

EC funds
HORIZON 2020
Academy of Athens

Anna Maria Massone, SPIN GE

Academy of Athens, Trinity College Dublin, Universita degli Studi di
Genova, Centre National de la Recherche Scientifique, Université Paris
Sud, Fachhochschule Nordwestschweiz, MET Office

Spaceweather can have detrimental, and in some casescatastrophic,
effectsupon a multitude of technologieson which we dependas part of
our daily lives Adversespaceweather is now known to result from solar
eruption releasedfrom the turbulent and highly complexmagneticfields
of activeregions Understandinghow active regionmagneticfields evolve
and produce these events is therefore of fundamental importance to
developaccurateand reliable spaceweather monitoring and forecasting
capabilities

This project proposesto develop an advancedflare prediction system
(FLARECASIhat is basedon automaticallyextracted physicalproperties
of activeregionscoupledwith state-of-the-art flare predictionmethods
Active region properties, such as area, magnetic flux, shear, magnetic
complexity, helicity and proxies for magnetic energy, will be extracted
from solar magnetogramand white-light imagesin nearrealtime using
advancedimageprocessingtechniques Once active region properties
havebeenextracted,they will be correlatedwith solaractivity andusedto
optimize prediction algorithms based on statistical, unsupervised
clusteringand supervisedearningmethods At the end of the project, this
will enable the consortiumto launch a nearrealtime flare forecasting
service the first of its kind in the world.

In this framework, the CNRpartner is leadingWork Packag8 6 dt NS RA O

I £ 32 NRahddsyaddiessingthe computationaltask of this project by
realizing a transferof-knowledge process of numerical algorithms
formulated in the framework of machinelearning disciplinesto the
problem of flare prediction Among them particular focus is given to
unsupervised clustering techniques recently used for the automatic
recognitionand classificatiorof Fe,Se, Teatomicspeciesn highresolution
ScanningrunnellingMicroscopyimagesof crystallattice surfaces

SPIN
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Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

Magneto-optic images of MggTi
wire at various T.

ul

Magnetic Field [a.
o o P

Induction intensity (a.u.) along
the white line into the inset.

Improved MgBwires for energy storage in liquid hydrogen cooled
superconducting coils

IMESS

MAECI National funds
Italianrisrael joint research projects
SPIN GE

Maurizio Vignolo, SPIN GE

Institute of Superconductivity,Laboratoryfor Magnetic Measurements,
Department of Physics,Barllan University Rafael Advanced Defense
Systemd_td; ColumbusSuperconductors.p.a.

Theprojectis expectedto lay down the foundationsfor the development
of LH2 cooled SMES Such SMESis expectedto operate as a double
function energystoragesolutionfor allowingrenewableenergygeneration
sourcesto connectto existing grids The SMESservesfor levelling the
power added to the grid by absorbingand storing excessenergyin an
MgB, superconductingcoil and by providingthe stored energyto the grid
whenrequired Thislevellingoperation of the SMESs designedfor a short
time periods of seconds, time necessaryto start and initiate the
conversionof LH2 combustibleinto electricenergyfor maintainingnormal,
sustainableand reliable grid operation This conversionprocesswill be
appliedthanksto hydrogenfuel-cell or directly from LH, combustion Our
intent is not to evaluatethe best conversionprocessbut to improve the
MgB, coil useful for future application It must be pointed out that the
energydensity of hydrogenis really high but long times are necessaryfor
the systemto reachthe maximumefficiency(energyrelease) Then,during
this time the SMESs the best solution to releasethe required energyin
few seconds This project will provide the specificationsof MgB, wires
required for SMEScoils winding New precursors, wire types, short
samples and demonstration coils will be made and will be fully
characterizedfor SMESoperation mode. The succesf this project will
pave the way for large hydrogen cooled SMESprojects in Europe and
worldwide. Short samples of MgB,-Ti have been prepared and
characterizedjn particulara study of wiresusingDCmagnetizationoops,
static and ultra fast dynamicmagnetooptic imagingand preliminary AC
losseaneasurementhavebeenperformed
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Acronym

Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

B nanaesized powders for the
fabrication of MgB wires

Dense BR212 filaments within a
multifilamentary wire

Integrated and eceustainable technologies for production, storage and
use of energy

MIUR National funds
/ bw Gt NEBYALFfAE LINR2SOGaA
CNR

Valeria Braccini, SPIN GE

CNRDIITET, DSFTM, DSCTM

In order for the renewableenergyindustry to take full advantageof the
S I NJieKoQraes,it is essentialthat superconductivitysolutionssuchas
wind turbine generators, SMES,current limiters and long distance
transmissiorlinesbe fully developed demonstratedand deployedinto the
grid. Thisrequiresfurther developmentof HTS/ MgB, wire capabilities
Within this project we work at the developmentand improvementof the
performancesof superconductingwires based on MgB,, Bi2212 and
Fe(Se,Te)and on the improvementof their propertiesin magneticfield
andlow temperatures

ConcerningVigB,, the focusis on the fabrication of boron nano-powders
usefulfor nanosizedMgB, synthesisand on the progresstowardsthe large
scaleproduction A pilot scalesystemfor nebulizationof precursorshas
beenassembledaswell asa reactionchamberfor the reactionof > 20 kg
of reagentsand a purification systemfor large amountsof product The
preliminaryresultsshowthat we canreachthe productionof about 1 kg of
boron.

We developed an innovative technique for the fabrication of Bi2212
multifilamentaryround wireswhichis consistingof a proper alternation of
drawing and grooverolling steps, with the aim of obtaining denser
conductorswith highcurrentdensitieshomogeneousverlonglengths
Giventhe very promisingresultsin terms of Jcobtainedon the deposition
of Febasedthin films on technicalsubstratessuchasIBADor RABITSand
basedon the fact that at the relativelylow processingemperaturesa very
limited oxidation of the metal templatesis foreseen,we are developing
metallic substrates much simpler than those used for the Coated
Conductors Cold deformation proceduressuitably alternated with high
temperature heat treatments are under study to obtain oriented Fe/Ni
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Source of funding
Specific funding program
Project Coordinator

SPIN Coordinator

Other partners

Project objectives

Intensity (arb. units)
<
“

Intensity (arb. units)

Too 708 Tio 718 720 725 70

Photon energy (V)
&Co
oFe
e
»Ti
s 0

s. 0 20000
o() s00000

b)

Figure: a) XAS &e2,3 spectra on
Au/Col/Fe/BaTiO capacitors;

b) Fe/BaTiQunit cells with
different polarization direction.

OXide Interfaces: emerging new properties, multifunctionality, and
DEvices for electronics and energy

OXIDE

MIUR National funds
PRIN

University of Naples

Silvia Picozzi, SPIN AQ

Consiglio Nazionale delle Ricerche, Univ. Napoli, Univ. Cagliari, Univ. Roma
al[l {FLASYII¢Z | yYAGD w2YF a¢2NJ £SN

The OXIDEproject aimed at tackling different aspectsof the physicsat
oxide-based interfaces, with objectives ranging from clarifying open
fundamentalissuesto exploringsome of the more promisingfeaturesin
view of technologicalapplications In particular, the project addressed
three main interface phenomena i) 2D electronicgaseswith respectto

~formation mechanisms,electrical transport properties, applications for

electronicsand for thermoelectrics ii) interface magneticpropertiesand

spintransport, with respectto fundamentalmechanismsand applications
within spintronics and low-power electronics iii) interface ionic
conduction, with respect to mechanismsand properties, of possible
interest for fuel cells A lot of attention was devoted to LaAIQ/SrTiQ

(LAO/STOheterostructures by meansof transport measurementsand of

techniques based on syncrotron radiation (such as X-ray Absorption
Spectroscopy(XAS)Angle ResolvedPhotoemissionSpectroscopyetc), it

was shownthat it is possibleto create a 2D electron gas¢ spinpolarized
and superconducting; whosepropertiescanbe modulatedvia an electric
field. Thiswas made possiblethanksto the introduction of few layersof

EuTiQ at the LAO/STGOnterface and to the related exchangeinteraction
between Eu 4f and Ti 3d electrons Moreover, the interface between
prototypical ferromagnets and ferroelectrics, such as Fe/BaTiQ was
studied via X-ray magnetic circular dichroism and first-principles
calculations highlightinga new interface magnetoelectriccouplingbased
on the presenceof an oxidizediron layer whose magnetizationcan be
controlled by the BaTiQ polarization Electrical, thermal and
thermoelectric transport properties were investigatedin LAO/STCas a
function of temperature and upon field-effect, showing,for the first time,

the existenceof in-gaptrap states
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Project objectives

606

Perovskyte structure and
schematic of the transition metal
substitution

Sketch of the orbital doping
process

Unveiling complexity in functional hybrides oxides

UFOX

EC funds

HORIZON 2020, Marie Curie EF
SPIN SA

Mario Cuoco, SPIN SA

The purposeof this researchproject is to get a deeperunderstandingof
the mechanismsand the fundamental interactions that control the
formation of electronic ordered phasesand the competition between
different phenomenain 4d and 3d-4d hybrid transition metal oxides
(TMO) Investigation of 4d materials, proposed here, provides new
challengesand opportunities¢ they sharesomecommonfeatureswith 3d
systemswhich stemfrom electroncorrelations,but havein addition subtle
sensitivity of the electronic states to the lattice structure, effective
dimensionality and, most importantly, to relativistic effects due to
strongerspin-orbit coupling Theaim of the projectisto exploitthe classof
4d perovskiteruthenium oxidestogether with different 4d-3d families of
doped materials as a platform for exploring in a controlled way the
interplay betweencorrelations,dimensionalityand spinorbit effectswhen
movingfrom 4d to 3d oxides Dopinga 4d hostwith 3d impuritiesmight be
extremelyeffectivein tuning valence,spin and orbital characteristicsand,
in turn, the macroscopighysicabropertiesof bulkandlayeredsystems
An ultimate goalis to exploit the variety of physicalphenomenainherited
in these classesof materialsto design interfaces and heterostructures
which can show properties at the nanometer scalethat are qualitatively
different from their singlebuildingblocks,thus allowingto engineernovel
functionalities Sucha rich scenariocan open the route to the fabrication
and design of systemswhere novel and multiple functionalities are
coherentlynanc-integrated
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Project objectives

WP1: Fundamental Understanding
- nw

WP2: Growth Control

Representation of the three Work
Groups of the TBE COST Action

Countries participating to the FO
BE COST Action

Towards OxiddBased Electronics

TOBE

EC funds

Horizon 202@; Cost Action
SPIN NA

Fabio Miletto Granozio, SPIN NA

TOBE patrticipants are about 300 from 29 different EU countries and over

50 different institutions

The TOBE Action aimsto network nationallyand EUfunded researches
active on synthesis, analysis,modelling and applicationsof transition
metal oxides within the EuropeanResearchArea (ERA), allowing to:
define targets, strategies and methods reduce fragmentation
aggregatecommunities with complementary knowhow; attract and
train a new generation of researchersestablisha regularknow-how
transferwith private corporationsand other stakeholdersbuilt the future
oxide electronics community by fostering the participation of early

: stage researchers and tackling gender unbalance The Action aims to
, strengthenthe innovative capacityof EUindustry by makingqualitatively

new enablingtechnologiesaccessibldor commercialexploitation
TheTOBEcommunityis today establishedasthe referenceEUcommunity
for fundamental studiesand for epitaxiatthin-film-based applicationsof
transition-metal oxides Many of the major EUscientistsin the field have
joinedthe Action, either directly of through their groupmembers Someof
them are activelyinvolvedin the Actionmanagement

29 COSTeountries, also including Slovakiathat is actually on the way to
complete the process, have signed so far the memorandum of
understanding Applicants willing to participate to the Action fill a
registration form. The great majority of applications are accepted
Registeredparticipantsto date are about 300. Thisnumber getsupdated
day by day. Registeredparticipantsget includedin the mailinglist where
our eventsare advertised
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Organic fieleeffect transistors
fabricated on a flexible substrate

SPIN

Morphology of a perylene
diimide film deposited on plastic
substrates

Organic electronics for research innovative instrumentation

EOS

MIUR funds

CNR Premiali Projects
INFN

Antonio Cassinese, SPIN NA

CNRISM, NANO, IOM, IMEM, ISMN, IMCB/IRC

Throughthe use of conjugatedpolymersand smallmolecules,in form of
crystals and nanostructured films, organic electronics allows designing
sensorsand transistorswith highly innovative features and remarkable
technological interest. Organic devices, indeed, can be fabricated by
exploiting costeffective techniques,involvinglow-temperature processes
and being compatible with non conventional substrates (e.g. plastics,
paper, fabric, biocompatible surfaces,etc.). Thesecharacteristicsmake
organicconjugatedmaterialsparticularly appealingfor a wide number of
companiesdealing with the fabrication of low-cost electronic systems,
featuring negligiblemassand power consumptionsand beingtheoretically
capableto provide @ & Y IFNEY O (i A 2ty peheridiahdtr@ditionally-
consideredpassiveproducts(i.e. clothes,packagingenvelopes furniture,
generalconsumergoods)

In this framework and relying on strong skill synergiesbetween CNRand
INFN(Nationalinstitute for NuclearPhysicsjesearchersthe EOSrojectis
aimed at developing complex organic electronic circuits to equip
innovative instrumentation for research in fundamental and applied
physics Tothis aim, the project is basicallyfocusedon the searchof new
materialsand on the optimizationof processedor the fabricationof high-
performanceorganicfield-effect transistorsand related analogand digital
integratedcircuits More in detail, specificobjectivesof the projectare:
Fabrication of p and n-type organic filed-effect transistors exhibiting
mobility values exceeding0.5 and 0.1 cm2/V on rigid and flexible
substratesrespectively

Designand testing of organicanalog(currentsmirrors, cascodeamplifiers)
anddigital circuit blocks(inverters,Nandgates,flip-flop).
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A focus on a Joint Laboratory

¢CKS {tLb k b¢! {AYyAndphdddS W2AYy(d [F02NI G2NBY &
materials for energy harvesting applicatioas NANYANG
The CNRis promoting Joint Laboratoryinitiative to foster Q\é q?‘ TECH N}PLDQI{"AL
the scientific interaction with renowned international CO " [JNI\ ERSITY
researchinstitutions.

Thefirst call for joint laboratories,that aswasheld in 2014, aimed at supportinga researchof great relevancefor
the SPINnstitute, that of energy TheNanyangrechnologicalUniversity,in Singaporeappearedasanideal partner
in this strategicinitiative, due to its strong researchrecord in the field of renewableenergy CNRresearcherDr.
AnnalisaFierrotherefore decidedto proposea joint laboratory focusedon the investigationof & b Sn#aterialsfor
energyharvestingl LILJ A Oin Gohj@ngtinévith NTUProf MassimoPicaCiamarra,a former NTUresearcher
The Italian National Agencyfor New TechnologiesEnergyand SustainableDevelopmentappearedas a strategic
partner and was also involved Both CNRand NTU decidedto support the proposed laboratory, and signed a
MemorandumOf Understandingto formalizetheir mutual researchinterests The joint laboratory is active since
Januarn2015

o

The joint laboratory fosters the interaction between the National
ResearctCouncil the NanyanglechnologicaUniversity,andthe Italian
MassimoPicaCiamarra National Agency for New Technologies, Energy and Sustainable
Development,in the fundamental and applied investigation of new
materials for environmental friendly energy harvesting devices, by

bringing together researcherswith theoretical, experimental and

numerical expertisein this field. The focusis on the investigation of

new materials for thermoelectricity and photovoltaics The partners
cooperatethrough mutual visits, and through the support of research
fellowsinvestigatingopicsof commoninterest, carryingout study of (i)

the thermal conductivity of amorphous materials, (i) the charge
transport processesin bulk heterojunctions, (iii) hybrid perovskite
materials, (iv) optimization of thin film deposition processesfor

electronicorganicapplications

AnnalisaFierro

Mutual visits: there have been mutual visits between CNRand NTU, including those by M. PicaCiamarra,R
PastoreF. ChiarellaA. ConiglioA. Bruna

Participants: CNR A. Fierro, C Aruta, M. Barra, G. Cantele G. Carotenuto, A. Cassinesey. Cataudella,A.
Coniglio,A. de Candia,F. Miletto, D. Ninno, G. Pepe,CA. Perroni,M. SalluzzoF. Chiarella,G. De
LucaA. Sambri,G. DeFilippis,
ENEAE Terzini,C Minarini, A. Bruno,P. DelliVeneri
NTU M. PicaCiamarraC Soci,R SinghA. Cakir,R Arevalo,E Png,A. Piscitelli,C. Panagopulos

Participants: Coauthoringin more of 10 publications
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Seed Projects

CNRSPINauncheda callfor & { StSNRR 2pfofoisatswith the aim of supportingoriginalfrontier researchprojects
by youngresearchergo be carriedout within SPIN TheProjectsare related to the SPINactivitiesand mission The
overall availablebudget was low (of the order of 40 Ke) and three projectswere supportedin the third call here
described The Principal Investigatorsare young SPINresearchersor University associatedresearcherswith a
temporaryposition

Thereview processwas carried out by external refereeswith specificexpertisein the topic of eachproposaland
three projects were selectedamong17 proposals The selectionwas basedsolely on the scientific quality of the
project, its impacton networkingandtrainingandthe potential of the Plandresearchteam to makeit successful
Thecallfor seedprojectsresultedan important tool for the growth of youngpeopleand for the recognitionof the
most promisingactivitiescenteredon the institute's mission

Synthesis, experimental and theoretical investigation oflC2 a new

Title: . .
family of iron based superconductors

Seed Project Coordinator: Federico Caglieris, Genova

Project objectives and results: Theaim of this project wasthe investigationof the newly discovered
112 family of Iron Based Superconductors(IBS)through transport
properties Resistivityo = iagnetoresistivity(MR), Hall effect (R,),
upper critical field (H), critical current density (3) measurements
were performed at the CNRSPIN Institute of Genova on a
micrometricsizesampleof Cg goLa ,oFeAs, patterned usingFocuson
Beam(FIB)techniques(InsetFig 1 (a)).

ol % 1 Moreover we succeedin measuringfor the

—

first time the transport J. in this family
< i+ reachingthe value of 10° A/cn? at 3-5 Kiin
S S selffield (Fig 1 (b)).

%10‘» 012 T

10 000

o
=)

r T.onset=27 K

o
'S

o
)

p [mQ em]

7600 2000 3000 1o
1, [nA)

0 50 100 150 200 250 300 R T S S S SR
TIK] BI[T]
Fig. 1a) Resistivity v§ of a Cggl.a ;FeAs single crystal. Inset: FIB image b) Transport critical current densities J
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Seed Projects 2012015

Title: Heat Transport in Topological Devices

Seed Project Coordinator: Giacomo Dolcetto, Genova

Project objectives and results:

Fig: Edge states allow to create and control
interference patterns which give rise to peculiar
thermoelectricproperties

Title: Charge separation and charge transport in hybrid solar cells

Thisproject hasbeen focusedon the study of the thermal and
thermoelectric properties of topological devices,in particular
quantumHallsystemsandtopologicalinsulators

It hasbeenshownthat the chirality of the protected edgestates
allows phasecoherent manipulationof heat currentsand heat
rectification Spin caloritronics has also been investigatedin
topologicalinsulators,where pure spin currents are generated

by thermal gradients
Therole of electroninteractionsleadingto fractionalizationand

spinchargeseparationhasbeenstudied

Theresultshavebeen publishedin 5 international journalsand
presentedin conferencesandworkshops

Seed Project Coordinator: Raffaele Pastore, Napoli

Project objectives and results:
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We are investigating electronic properties of organic/hybrid
hetero-junctions for photovoltaic applications In collaboration
with the Raosgroup (Politecnicodi Milano), who introduced a
novel quantum chemicalmodel (JCTQ@013, we showthat this
methodis ableto simulatemuchlargersystemghan allowedby
any other quantum chemicalapproach(seeFig). Thisleadsto
investigatethe chargedelocalizationand the excitonseparation
over the full lengthscale relevant to these processes In
addition, we are performing Monte Carlo and Molecular
Dynamicssimulationsto investigatehow the morphologicaland
dynamicalpropertiesof the active layer affect the macroscopic
chargetransport

a) Onerealizationof the system b) Sitecoloursdependon its chargein
the 1stexcitedstate. c) P(q)over 100realizations
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Technology transfer activities

SPINstraditionallyinvolvedin industrialnetworksand closecollaborationsetweenresearchandindustry.

The{ LJA YCnmpin’f/ColumbusSuperconductor Some examples: |
is a successfuexamplecomingfrom the research @ C0|umbus
collaborationwith ASGSuperconductors$SPAfor 2 N

the production and the commercialization of
innovativeMgB, superconductingvires,basedon
a SPINnternationalpatent.

SPINwas also involved in the realization of an
interventionaltomographthat is currently placed
on the market by ParamedSRLThisR&Dactivity
wasfundedby the ItalianMinistry of Research

SPINowns a well-selected number of patents ‘LL‘N
appealingto Industryin the fields of Biomedicine
andAppliedSuperconductivity

SPINsalsomemberof:

A 2 R&DLigurianClustersdTecnobionet @peratingin the field of biotechnology & { dza ( 9 A/ySINGaé&&ingin the
field of energy,

and, in Campania

A CRdTecnologieoperatingin the fieldsof electronics energy,innovativematerials

A District for Polymericand Composite Materials Engineering,operating in the fields of aeronautical/aerospace,
automotive,bio-medical,polymerelectronics

A District for AerospaceTechnology,for developing advanced characterizationof composite structures for both
transportregionalaircraftand generalaviationairframestructure.

{f Some initiatives: |
|
‘M/\s”W R LAB b CRdC Tecnologie scr

MRAterials Science and TEchnDlugg Research Laboratories

Distretto Aerospaziale -
| N della Campania District for Polymeric and
Composite Materials Engineering

|

Fornahir
| PROGETTO NAFASSY s iid® 1%
| ing Syrreme!

energla
Jostenibile

POLO DI RICERCA E INNOVAZIONE

"NAtional FAcility for Superconductin ms"
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Technology transfer activities
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Superconductivity 2014

Synthesis and physical properties of CREFeAs with RE = Lg Gd

Alberto Sal&? Hiroyuki Yakitg Hiraku Oging Tomoyuki Okadal, Akiyasu Yamampkohji Kishi Shigeyuki Ishida
Akira lyd, Hiroshi Eisaki3, Masaya Fujitkéoshihiko TakapMarina Put# and Jurichi Shimoyam&

1Department of Applied Chemistry, The University of Tokyo, Bunkyo, Tokyo 113 8656, Japan
2University of Genova and CI$RIN, Via Dodecaneso 33, 16146, Genova, ltaly
SNational Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibé85&630&pan
4National Institute for Materials Scien¢dIMS) Tsukuba, Ibaraki 368047, Japan

APPLIED PHYSICS EXPRESS 7, 073102 (2014)

In this study we report the synthesisand characterizatiorof five new related to the Cadl-xRE¥keA 112iron-

basedsuperconductorsith RE= Ce,Pr,Nd, Sm,Euand Gd Sampleswvere preparedusingthe high pressure
synthesigechnique,cubicanviltype cell, applying2 GPaand 1000° C

From XRDanalysishe 112 phasewas successfullypbservedin all sampleswith someimpurities of FeAsand
FeA2. From magnetic susceptibility measurementsthe Nd, Sm, Eu and Gd doped samples exhibited
diamagnetism suggesting superconductivity, while the Ce doped sample showed a paramagneticlike
behaviourwithout any tracesof superconductiveransition downto 2 K Thecritical temperaturesevaluated
form the magneticsusceptibility(Temag)for the La, Pr, Nd-, Sm, Eu, and Gddopedsamplesare 24.5, 13.2,

11.9, 11.6, 9.3, and 12.6K, respectively Tcmag progressivelydecreasesvith decreasinghe ionic radii of the

substituted RE(Figure) Thoseresultsare in agreementwith the resistivity measurementsoo; suggestinga
generaldecreasingf Tcwith smallerREsubstitutedatoms DistancebetweenFeplanes dqq, evaluatedfrom

the XRDpatterns of singlecrystalsdecreasesn agreementwith the ionic radii of the substitutedRE only the

Eudopedsampleshowan unexpectedvalue,suggestinghe presenceof the EL#* ions
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—u—d_ . Figure d rope T. - mag, and T, ¢
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Properties of highangle Fe(Se, Te) bicrystal grain boundary junctions

E. Sarnelft,M. Adamo? C. Nappt V. Braccin$,S. KawaléE. Bellinger$, and C. Ferdeghihi

1CNR SPIN Napoli, Via Campi Flegrei@30T8 Pozzuoli, Napoli, Italy
2CNR SPIN Salerno, Universita di Salei®#084 Fisciano, Salerno, Italy
SCNR SPIN Genova, Corso Perrone 281152 Genova, Italy

APPLIED PHYSICS LETTERS 104, 162601 (2014)

The pairing symmetry in the new iron-based superconductorsis still matter of debate, particularly
becauseof the possibilityof the existenceof a reversingsigns* of the order parameter In this work, we

report on the characterizatiorof Fe(Se, TejrainboundaryJosephsorunctionsfabricatedon a 45° [001]

tilt symmetric(22.5°, 22.5°) SrTiQ bicrystalsubstrate We find that the 1V characteristicf these weak
links may be describedby the resistivelyshuntedjunction model, with an excesscurrent lexcincreasing
with the junction dimensions(seeFigure) The presenceof an excesscurrent and the very low normakl

state resistancevaluesare typical of superconductomormal metalsuperconductorJosephsofunctions,
characterizedoy hightransparencybarriers We observethat the I R, productsof the smallestjunctions
are of the order of 30 uV, suitablefor the fabrication of dc-SQUIDsMoreover, all the junctionson the

samesubstrateare characterizedby the samecritical current densitiesJc,of the order of 104 A/cn?,

independently of the junction width. We have developed a model describingthe critical current

distribution in coplanargeometries,as is the caseof bicrystaljunctions Asa result, J. = constis in

agreementwith our model and demonstratesthe good quality of the junctions Moreover, uniform

critical current densitiesis what is expectedin the caseof s-wave symmetryof the order parameter(s™*

or s* indifferently). In fact, for different order parametersymmetriesthan swave, the high angleof the

substrateandthe presenceof facetingalongthe bicrystal

Figure Currentvoltage characteristicof 45° [007]] tilt
bicrystalGBJsvith different sizesmeasuredat T=4.2 K
In the inset, the IV characteristicof a junction 20 pm
wide showspeaksdue to flux motion.
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Superconducting nanowire quantum interference device
based on Nb ultrathin films deposited on sedfssembled porous Si templates

C. Cirillé, S. L. PrischepaM. Trezzg V. P. Bondarenkpand C. Attanasio

ICNR{t Lb {IfSNYy2 YR S5ALINIAYSYyi{i2 RA CA&aAOF a9dwd /ALY
Fisciano (SA)84084, ltaly
2 Belarusian State University of Informatics and Radioelectronics, P. Browka 6, Minsk 220013, Belarus

NANOTECHNOLOGY 25, 425205 (2014)

Magnetoresistanceoscillations were observed on networks of superconductingultrathin Nb nanowires
presenting evidence of either thermal or quantum activated phase slips The magnetic transport data,
discussedin the framework of different scenarios,reveal that the system behaves coherently in the
temperaturerangewherethe contribution of fluctuationsisimportant.
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Left Magnetoresistancéransitions,R(H) (left axis)andfirst R(H)derivative,dR/dH(H)(right axis)for the sample9 nm thick
grown on a poroussubstratewith pore diameter (interpore distance)10 nm (40 nm). Inset peakspositionsHp, vs index
number, N, extractedfrom the dR/dHcurveandn veurveson the right. p listhe slopeof the bestfit lines Right after the
subtractionof a smooth backgroundthe R(H)curvesfor the samesamplerevealthe presenceof periodic peaksof period
n | ashighlightedby the red lines

1. K Arutyunov,D. Golubev,andA. Zaikin,Phys Rep 464, 1 (2009

2. D. Hopkins,D. Pekker P. Goldbart,and A. BezryadinScience308, 1762(2005

3. P.K HansmaandJ R Kirtley,Jd Appl Phys 45, 4016(1974)

4. A. M. Saxena)] E Crow,andM. Strongin,SolidStateCommun 14, 799(1974)

5. C Cirillo, M. TrezzaF. Chiarella,A. VecchioneV. P. Bondarenko S L Prischepaand C Attanasio,Appl. Phys Lett. 101,
172601(2012

6. M. Trezza(. Cirillo,P. SabatinoG. CarapellaS L Prischepaand C. Attanasio,Appl Phys Lett. 103 252601(2013
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Ubiquitous longrange antiferromagnetic coupling
across the interface between superconducting and ferromagnetic oxides

G.M. De LucdaG. Ghiringhefij C.A. Perrofj V. Cataudelfa F. Chiarelfa C. Cantofj AR Lupifj N.B. Brookeés M.
Huijberp, G. Kosteéx, G. Rijndefsand M. SalluzZo
ICNR{tLb FYR B5ALINIGAYSY(G2 RA CAaAOI
via Cinthia, Napoli80126, Italy.
2CNRSPIN and Dipartimento di Fisica Politecnico di Milano, Piazza Leonardo da Vinci 32,- 20488, litaly. 3
Materials Science and Technology Division,
3 Oak Ridge National Laboratory, 1 Bethel Valley Rd., Oak Ridge, TN 37831, USA.

4 European 4Synchrotron Radiation Facility, 6 rue Jules Horowitz, B.P. 220, Grenoble- G8@43,FFrance. 5 Faculty

of Science and Technology and MESA. Institute for 5Nanotechnology, University of Twente, Enschede 7500 AE, The

Netherlands.
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NATURE COMMUNICATION 5, 5626 (2014)

Thelatestadvancementsn the atomiccontrol of oxide heterostructuresrepresentsa unique opportunity for the
uncoveringof unsolvedtopicsin condensednatter physics Usinga combinationof polarizationdependentx-ray
absorption spectroscopyand atomically resolved electron spectramicroscopy,we investigatedthe interplay
between superconductivity and magnetism in  manganite/cuprate superconductor L& geSE MO,/
La 555K 1sCuQ superlattices We found that the charge transfer of spinpolarized electrons from the
L&, 565k 33MNO; ferromagnetto the CuQ layersof La, 55 1:CuQ inducesan unusualweakferromagneticorder
in the superconductor Thisunusualmagneticorder is associatedo the cantingof the Cl#* magneticmoments
and propagatesinside the superconductorvia the DzyaloshinskiMoriya interaction over distancesfrom the
interface much larger than the superconductingcoherence length. This effect modifies substantially the
magnetic correlations within and among the CuQ planes, ultimately reducing the superconductingcritical
temperatureof the cupratelayerin the superlattice

Lag 66Sr0.5MNO;

Laisrox= 9980877 e% °°
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Figure

Onthe left of the panelcircularx-ray beam
in the two directions from synchrotron
sourceis absorbedor diffracted from the
interfacial atoms belonging to
ferromagneticLg, S 3sMNO; (LSMO)and
superconductor La 5:SE,sCuQ (LSCO)
crystals Onthe right of the panel,we show
at the LSCO/LSManterface a strong AF
coupling between Mn (red/grey) and Cu
(blue/grey)momentsis established

The DzyaloshinskiMoriya interaction for H<2T propagatesthe antiparallelorientation of Cuwith respectto Mn far from
the interface,whereasfor H>2 T the externalfield establishesa paralleldirectionasin bulk LSCO
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Probing transport mechanisms of Bajes, superconducting films
and grain boundary junctions by noise spectroscopy

C. Baron&? F. Romeb?, S. Pagar@, M. Adamé, C. Napp?, E. Sarneflj F. Kurth & K. lidd
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2CNRSPIN Salerno, Universita di Salerr®4084 Fisciano, Salerno, Italy
SCNRSPIN Napoli, Via Campi Flegrei #0078 Pozzuoli, Napoli, Italy
4Leibnizlinstitut fir Festkorperund Werkstoffforschung (IFW) Dresden, 01171 Dresden, Germany

SCIENTIFIC REPORTS 4, 6163 (2014)

Thediscoveryof iron-basedsuperconductordiasbeenan important step forward for the understandingof
hightemperature superconductivity In addition, iron pnictides could be used for highfield magnet
applications resultingmore advantageousver conventionalsuperconductorsdue to a high upper critical
field aswell asits low anisotropyat low temperatures Grainboundariesare, however,the principalobstacle
in fabricatinghigh quality superconductingwires and tapes To investigatethese effects, the dc transport
and voltagenoise properties of Codoped BaFgAs, superconductingfilms with artificial grain boundary
junctions(GBJshavebeenmeasured Usinga specificprocedure the film noisecanbe separatedfrom that

of the grain boundary junctions While the former shows a standard 1/f behaviour, the latter is
characterizedby an unconventional temperaturedependent multi-Lorentzian voltagespectral density.

Moreover, below the film superconductingeritical temperature,a peculiarnoise spectrumis found for the

GBJThepresenceof a smallnumber of fluctuatingJosephsomwveaklinksseemsto be a crucialingredientto

explainthe noiseof the GBJn the superconductingtate.
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(Left) Frequencydependenceof the voltagespectral density, at three reference temperaturesand at a fixed bias
current, for the strip containinga grain boundaryjunction. (Right) Temperaturedependenceof the noise frequency
exponent®. Redopen squaresrefer to the strip without the grain boundaryjunction; blue full circlesrefer to the
intrinsic grainboundaryjunction.
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Magneto-Seebeck effect in RFeAsO (R = rare earth) compounds:
Probing the magnon drag scenario

F. Caglieriz, A. Braggib? |. Pallecchj A. Proviné3, M. Pari?, G. Lamurg A. Jost U. Zeitlet, E. Galleani
5 Q! 3§ R MghRinett3 M. Putti-2

1 Department of Physics, University of Genova, Via Dodecaneso 33, 16146 Genova, Italy
2nstitute SPINCNR, Corso Perrone 24, 16152 Genova, Italy
3 Department of Chemistry, University of Genova, Via Dodecaneso 31, 16146 Genova, Italy
4 High Field Magnet Laboratory, Radboud University of Nijmege®5R00 GL Nijmegen

PHIYSICAL REVIEW B 90, 134421 (2014)

In this work, we carriedout a carefulanalysisof the Seebecleffect (S)in the 1111 (RFeAsOyith R=rare
earth) parent compounds with different R and different degrees of disorder We explored the
dependenceson temperature, observinga puzzledand articulated phenomenology(Figurea)). The
multiband character of these compoundsseemsto be insufficient to explain the behavior of the
thermopower. In particular we elaborateda simplified model for the multiband diffusive contribution
basedon Mott-formula, verifyingthat it R 2 S Zagteuatfor the local minimum around 50 K. To study
this feature we performed some measurementof Seebecleffect asa function of magneticfield up to
30 T (Figureb)) at the HFMLIaboratoriesof Nijmegen The Seebeckvaluesincreasein magnitudewith
risingthe field with a tendencyto saturationobservedat low temperature Forthis scenariowe propose
aninterpretation basedon magnondragby antiferromagneticspinwaves Tosupportour thesiswe have
developeda theoretical model for AFMmagnondrag contribution, identifying a scalingbehavioras a
function of the ratio B/T, well obeyedby experimentaldata (Figurec)). The existenceof a dominating
magnondrag contribution in the 1111-parent compoundsis an important evidence of the strong
interactionbetweenchargecarriersand spinwaves Within this picture the Seebecleffect comesout to
be a privileged property which effectively probes the coupling mechanismssupposedto induce
unconventionakuperconductivity

a ) 20 m— SmFeAsO b
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Figure a) Seebeclcoefficientcurvesof RFeAs@R = Sm,Pr, La, Ce)polycrystalsb) Scurvesversusthe magnetic
field of theLaFeAs@ampleperformedat T =30, 45, 60, and 77 Kc) AFMmagnondragcontribution to the Seebeck
effecta { SE LIS ¢ . 0 O)USDRAG(T extbabtddfiotn The experimentalScurvesof Fig 1 b) and plotted asa

function of B/T.
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Influence of topological edge states
on the properties of Al/BjSe/Al hybrid Josephson devices

L. Gallettit-2 S. CharpentietM. lavarone’ P. LucignanéZD. Massarotti2R. Arpaig&3Y. Suzuld K.
KadowakP, T. BaucR,A. TagliacozzbF. Tafurkéand F. Lombardi

IUniversita degli Studi di Napoli Federico-80126 Napoli, Italy
2CNRSPIN Napoli, 80126 Napoli, Italy
3Chalmers University of Technology;8R296 Géteborg, Sweden
“Temple University, Philadelphia, Pennsylvania 19122, USA
SInstitute of Materials Science, Tsukuba, 305 Ibaraki, Japan
6Seconda Universita di Napot31031 Aversa (CE), Italy

PHYSICAL REVIEW B, 89, 134512 (2014)

The understandingof how superconductivitypropagatesin unconventionalbarriers has progressively
becomemore and more comprehensivefaking advantageof the possibilityof manufacturinga larger

variety of interfaces and materials The recent introduction of topological insulators represents a

milestonefor this study. Thestandardsof proximity effectin thesetypesof structureshaveto be settled

for aneatidentificationof possiblenew entities.

In this work we present a systematicstudy of transport properties of superconductottopological
insulatorsuperconductorcoplanarJosephsorjunctions Thesedevicesare characterizedby a ballistic

coherenttransport through the topologicaledge states of the barrier, which is expectedto generate
unconventionalproximity effects and, possibly,to signalthe presenceof Majorana bound states A

comparative study of Shubnikogde Haasoscillationsand scanningtunneling spectroscopygave an

experimental signature compatible with a two-dimensionalelectron transport channelwith a Dirac

dispersionrelation.

A reduction of the sizeof the Bi,Se flakesto the nanoscalds an unavoidablestep to drive Josephson
junctionsin the properregimeto detect possibledistinctivefeaturesof Majoranafermions

(Top) Critical current as a function of the external magnetic
field in a Al/Bi,Seyf/Al Josephsorjunction at 300 mK Thered
line is the referencecurveappropriatefor a smalljunction with
uniform critical current density. Theinsetshowsa sketchof the
device (Bottom left) scanningelectron microscopyimage of
the device,and (Bottom right) atomic force microscopyof the
samedevice The morphologyof the BRSe8 barrier is clearly
visible,showingan atomicallyflat surface
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[1] M. Z Hasarand C. L Kane Rev Mod. Phys 82, 3045(2010.
[2] C BeenakkerAnn Rev Cond Mat. Phys, 4:113 2013
[3] M. Veldhorstet al., Nat. Mater. 11, 417(2012).
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HighT, Superconductivity at the Interface between the CaCugnd SrTiQ
Insulating Oxides

D. Di Castre?, C. Canto#dj F. Ridolfi C. Arutd, A. Teband? N. Yang*, G. Balestrinb

1Dipartimento di Ingegneria Civile e Ingegneria Informatica, Universita di Roma Tor Vergata,
Via del Politecnico 1,00133 Roma, Italy
2CNRSPIN, Universita di Roma Tor Vergata, Re@@d 83, Italy
SMaterials Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennes64d @ 18SA
4Facolta di Ingegneria, Universita degli studi Niccold Cusano, Rodi€6, Italy

PHYSICAL REVIEW LETTERS, 115 (2015)

At interfacesbetween complexoxidesit is possibleto generateelectronicsystemswith unusualelectronic
properties, which are not presentin the isolated oxides One important exampleis the appearanceof

superconductivityat the interface between insulatingoxides, although, until now, with very low T.. We

report the occurrenceof high T, superconductivityin the bilayerCaCuQSrTiQ, where both the constituent
oxidesare insulating In order to obtain a superconductingstate, the CaCuQSrTiQ interface must be

realizedbetweenthe Caplaneof CaCu@andthe TiG, planeof SrTiQ. Onlyin this casecanoxygenionsbe

incorporatedin the interface Caplane, acting as apical oxygenfor Cu and providing holesto the CuQ

planes A detailed hole dopingspatialprofile canbe obtainedby scanningransmissiorelectronmicroscopy
and electronenergyloss spectroscopyat the O K edge, clearly showing that the (super)conductivityis

confinedto about 1¢2 CaCuQ unit cellscloseto the interface with SrTiQ. The results obtained for the

CaCu@SrTiQinterface can be extendedto multilayered high T. cuprates,contributing to explainingthe

dependenceof T, on the numberof CuQ planesin thesesystems

Figure STEM image of the CaCu@SrTiQ
interface The white circles indicate the excess
oxygenions at the interface Ca plane The red
bullets indicate the holes concentrationdecayon
goingfar from the interfacewith SrTiQ.

SITiO, CaCuO,
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Macroscopic quantum tunnelling in spin filter ferromagnetic Josephson junctions

D. Massarotfi2, A. Pd, G. Rotofi L. Longobardf, M. G. Blamiréand F. Tafuti

1 Dipartimento di Fisica, Universita di Napoli Federice8i01126 Napoli, Italy.
2CNRSPIN UOS Napoli, Complesso Universitario Monte S. Angélt2é Napoli, Italy.
3 Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, UK.
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5 American Physical Society, 1 Research Road, Ridge, New York 11961, USA.

NATURE COMMUNICATIONS 6, 7376 (2015)

Macroscopiaquantumtunneling(MQT)is a pre-requisitefor the possibleuseof a junction in quantum circuits
and qubits. This experimentis the first observationof MQT in superconductor(S) - ferromagnet (F) - S
Josephsonjunctions (JJs) The coexistenceof these two (S and F) ordered phasescombined to other

unconventionaluiniquefeaturesasspinfilter propertiesandtriplet superconductivityjs extremelyinspiringfor

new quantum functionalities and for innovative applications The use of Gadolinium Nitride (GdN)
ferromagneticinsulator (FI) as a barrier is the key of the CambridgeSFS JJsto obtain an effective tunnel

barrier ableto activate spinfiltering and a seriesof magneticbehaviors Throughmeasurementsf switching
current distributions and the expertise of the Napoli team on the quantum physicsof superconducting
junctions,we show a clear transition from thermal to quantumregimeat a crossovertemperature of about

100 mK Our result pavesthe way to the active use of spin filter JJsin quantum technologiesand hybrid

devices
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(a) Schematidllustration of the spinsplitting of tunnellingbarrier heightin the GdNlayerbelowthe Curietemperature (b)
Magneticfield pattern of a spinfilter JJ Theblackandred curvesshowa distinctiveshift of the absolutemaximumof the
critical current, arisingfrom the hystereticreversalof the Flbarrier. (c) Measurementf switchingcurrentdistributionsas
a function of temperature Below100 mK,the switchingdistributionssaturateindicatingthe transitionto the macroscopic
guantumtunnelingregime,qualitatively sketchedin panel(d).
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An automatic method for atom identification in scanning tunnelling microscopy
images of Fechalcogenide superconductors
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JOURNAL OF MICROSCOPY, 260 (2015)

We describea computationalapproachfor the automatic recognitionand classificationof atomic speciesin
scanningtunnelling microscopyimages Theapproachis basedon a pipeline of imageprocessingnethodsin
which the classificationstep is performed by meansof a FuzzyClusteringalgorithm As a representative
example we usethe computationaltool to characterizehe nanoscalghaseseparationin thin films of the Fe
chalcogenidesuperconductoFeSgTe,_,, startingfrom syntheticdata setsand experimentaltopographies We
guantifythe stoichiometryfluctuationson length scalesrom tensto a few nanometres

Figure 1. Original images (top line) and the
correspondingatomic classificationgbottom line).
In the imagesshowingthe classificationresults,
red dots represent Fe, green dots represent Te
andblue dotsrepresentSe

centage [%]

Per

Zoom 4

Zoom 1

Zoom2 Zoom3 Zoom 4

Zoom 5

Figure2. Zoomedregionsof the original images(top line) and the

correspondingpopulationratios (bottom line).
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Resonant Andreev Spectroscopy in normdetal/thin -
Ferromagnet/Superconductor Device: Theory and Application

F. Rome§ F. Giubileg R. Citré2 A. Di Bartolome® C. Attanasi®? C. Cirilld2 A. Polca#j P. Romant?

BALI NGIAYSY(d2 RA CAaAAOF a9d wod [/ IALFLYAStEf2és

2CNRSPIN Salerno, via Giovanni Paolo 1l 132, Fisciano, Italy
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SCIENTIC REPORTS 5, 17544 (2015)

Using the Bogoliubovde Gennes formalism, we studied the transport properties of normak

metal/ferromagnet/superconductodevice(Figure)in which a thin ferromagneticlayer (of the order of \) is

depositedon a superconductingelectrode,realizinga double-barrier structure Thespectroscopideatures(i.e.

differential conductancespectra)calculatedwithin the theoreticalmodel showa sensitivedependenceon the

thicknessand polarizationof the ferromagnet Thispeculiarbehaviour,originated by the resonantproximity
effect, suggestghe possibilityto use ResonantAndreevSpectroscopyn ferromagnet/superconductobilayer
asa powerful characterizatiormethod to preciselyprobe localferromagneticproperties Asa preliminarytest

of the theoretical expectations,we realized point contact Andreevreflection spectroscopyexperiment by
pushinga metallic tip on PdNi/Nb bilayer. Differential conductancespectrafor severalcontactshave been
measuredat low temperature,showinga variety of features(e.g. ZBCP¢onductancedipsat the gapedge,and
subgapstructures)not expectedin singlebarrier PCARheories Theoreticalfittings allowed to consistently
explainall measurementsTheferromagnetthicknessandthe polarizationhavebeenestimated

3.0
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Differential conductancecurve (empty dots) and the Differentialconductancemeasuredn a different sample
theoreticalfit (full red line). A ferromagnetpolarization position, (inset) artist view of the experimental
h of 14.03 %is deducedfrom the data measuringsetup
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Effect of Doping on Surface Reactivity and Conduction Mechanism
in SamariumDoped Ceria Thin Films

Nan Yany Alex Belianindy Evgheni Strelc8yvAntonello Tebanh Vittorio Fogliettt, Daniele Di CasttpChristoph
Schluete?, TienLin Leé, Arthur P. Baddoff Nina Balkg Stephen Jes3eSergei V. KalifinGiuseppe Balestrifpand

Carmela Aruth
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ACS NANO 8, 124aw501 (2014)

Pureand doped Ceriabasedmaterialsattracted great attention in last two decadesdue to their wide range of
applications.e.g. catalysts,gassensorsmemristorsand micro solid oxide fuel cells It is well known that doping
and granularityinfluencethe type of conduction,if electronic,protonic or oxygenionic. With a systematicstudy
on epitaxialthin films by electrochemicalstrain microscopyand hard x-ray photoemission,we answerto the
open questionon how dopingaffectsthe conductionmechanismand the related surfaceactivity, suchaswater
adsorption and dissociationwith subsequentproton transport in the lattice. We find that at lower Sm
concentration,thanks to presenceof Ceé*, the proton conductionis prevalent, featured by lower activation
energyand higher conductivity,which is interpreted in terms of different energylandscapesnvolvinghydroxyl
groupand oxygenionsin the crystallattice. Ourwork demonstrateshat trivalent dopingelementconcentration
must be consideredas an important factor for the designof ceriabased systems,helping in improving the

performanceof energystoragedevices
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Hysteresidoop behavior(topleft) and area
(top-right) of the electrochemical strain
microscopy measurements at different
relative humidity, showing the effect of
proton conductionin Cg ¢SMm 1, thin films,
together with the schematicrepresentation
of the proton conduction mechanism
(bottom).
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Ballistic Transport at the Nanometric Inhomogeneities
in Au/Nb:SrTiQ Resistive Switches

Andrea GerBlj Renato Buzip Alessandro Gadaléetg Luca Anghinoffi Michael Caminale,
Emilio Bellingeti Antonio Sergio Sk, Daniele Marré?2
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3Paul Scherrer Institut 5232 Villigen, Switzerland

ADVANCED MATERIALS INTERFACES, 1300057 (2014)

Nanometerscale alterations of the Schottky barrier represent one of the microscopic mechanisms
proposedto explainthe resistanceswitchingin transition-metal oxide cells We report on novel Ballistic
Electron EmissionMicroscopy (BEEM)experiments aimed to directly visualizeand quantify the local

inhomogeneitiesof the effective Schottkybarrier height on Au/Nb:SrTiQ Schottkyjunctionsdominated by

interfacial resistanceswitchingeffects The voltagedependentvariation of the local barrier height of the

nanometricpatchescouldexplainthe non-idealbehaviourof the resistanceswitchingeffects
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(Left) Schematiadiagramof BEEM The hot electronsare injected from the ScanningrunnelingMicroscopy(STM)tip
into a thin Au film (metal base)grown on Nb:SrTiQ substrate The electronswith an energy higher than the local
Schottkybarrier high (SBH)ravel through the Au/ Nb:SrTiQ interface and are collectedat an Ohmiccontact at the
backsideof Nb:SrTi@. Theenergy,locationand flux of the hot electronscanbe controlled by varyingthe tip voltage,
positionandtunnellingcurrentrespectively (Right)BEEMspectra(ballisticcurrent normalizedto the tunnellingcurrent
vstip voltage)were acquiredover different locationsshowing(a) regionswith low transmittanceand high SBHand (b)
hightransmittancewith lower SBHsolidlines) Thesolidline-opencirclescurvesarefits with the KaiserBellmodel
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Metal ¢ insulator transition in freestanding VQ/TiO, microstructures
through low-power Joule heating

Syota YamasakiTeruo Kankj Nicola Mancé&?, Luca Pellegring Daniele Marré3, and Hidekazu Tanaka
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APPLIED PHYSICS EXPRESS 7, 023201 (2014)

VanadiumDioxide(VQ2) showsa large decreaseof electricalresistanceof severalorders of magnitudeat
around 340 Kwith the formation of a mixed phasecontaininginsulatingand metallicdomainsthat canbe
controlled by external stimuli suchas electricalbiasesor temperature We reported multi-resistive VC2-
basedmicrodevicesby fabricatingfree-standing(FSSYO/TiO, microstructuresthat can be easilyheated
by Jouleeffect. In this work, we investigatethe thermal behaviorof FS&nd non-freestanding(N-FSSYO-
basedstructures Theelectricalresistanceof the devicesshowsan abruptjump with increasinghe voltage
biasacrosstheir two input terminals We analyzeand comparethe electricalpower neededto drive the
devicedrom the (low temperature)insulatingto the (hightemperature)metallicstate. Ourresultsindicate
how the power neededto drive the FSSstwo ordersof magnitudelower that that requiredfor the N-FSS

and how thermal flow designof the microstructuresis a critical issuefor developingoptimized switching
andmemristivedevices
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a) Dependenceof the electricalpower Pcat the insulatorto metal transition driven by the voltage bias at different
temperaturesT (TMlis the metal insulatortransition temperature) Solidsymbolsare experimentaldata, while open
onesshow calculateddata by Finite ElementAnalysisb) Thermalflow of FSSnd N-FSStructurescalculatedby Finite

ElementAnalysisshowinghow in the FSSheat flows mainly alongthe structurestoward the contactsto the substrate
(MgO)
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Potentialwell depth at amorphousLaAlQ/crystalline-SrTiQ interfaces
measured by optical second harmonic generation

G. De Luca, A. Rubano, E. di Gennaro, A. Khare, F. Miletto Granozio, U. Scotti di Uccio, L. Marrucci, D. Paparo
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APPLIED PHYSICS LETTERS 104, 261603 (2014)

Thediscovery of a two-dimensionalelectrongas(2DEGYormed at the interfacebetweenthe two bandinsulators
LaAIQ (LAO)and SrTiQ (STOhasdriven a lot of attention to this material system In particular, the origin of the

chargecarriersimmediatelyemergedas a highly debated question, sincedifferent doping mechanismsan be at

play in this oxide heterostructure By using second harmonic generation (SHG)we have investigatedvarious
aspectsof the physicsof LAO/STOnterfaces? Here, by combining SHGand transport measurementswe have
studiedinterfacesformed by either crystalline(c-) or amorphous(a-) thin films of LAOgrown on TiO-terminated
STOQO01) substrates The comparisonbetween these two interfaces allows disentanglingthe relative role of

intrinsicand extrinsicdopingmechanismsn the formation of the 2DEGwith the latter beingdominantin the case
of amorphousLAQover layer. Forthe first time, we havemeasuredthe depth of the quantumwell formed at the

interfaceof both systemsfinding that the valueof this depth is almostconstantabovethe thresholdfor the onset
of conductionfound in c-LAO/STGamples(4 crystallineunit cells) Thesefindings point to the existenceof a
universaldepth of the interfacial potential well, despitethe fundamentallydifferent doping mechanismactingin

thesetwo material systems Thisresultwashighlyunexpected

4
o s : : . (ﬂ.) oo Fig 2. The potentialwell
g | 508 e B Ay L | depth for a-LAO/STCand c-
S e %, ® ) cirosto ___—®{ LAO/STOdetermined from
g | ) Fou e "0 SHGas a function of LAO
2 1= cLAOKSTOheating § £ i U thickness Note the almost
O yg*{ O c-LAOISTO cooling | g 510 o |t equalvaluesof Vwell for the
E ® a-LAO/STO heating | o < N —"" c-LAO/STO and aLAO/STO
@ 10 a-LAO/STO cooling \ >go.s (c) a—LAD!S;’O " samplesabove? euc In
S 10" A STO [ X, 'poiar fe— ar;h
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Fig 1: Sheetconductancemeasuredin air for
the two a- and c-LAO/STOsamples as a
function of temperature during a heating
cooling cycle Note the irreversible change
occurringin a-LAO/ST@pon heatingbecause
of the oxygenvacanciesefilling in air.

1A. OhtomoandH. Hwang Nature427,423(2004).
2A. RubanoC Aruta, U. S di Uccio,F. M. GranozioL. Marrucci,T. Gunter,T.
Fink,M. Fiebig,andD. PaparoPhys Rev B88, 245434(2013.
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Witnessing the formation and relaxation of dressed
guastparticles in a strongly correlated electron system

Fabio Novelli?, Giulio De Filippts Vittorio Cataudellget al.

1Dipartimento di Fisica, Universita degli Studi di Trieste, Via Valerio 2, 34127 Trieste, Italy.
2Elettrar Sincrotrone Trieste S.C.p.A., 34149 Basovizza, Italy.
3 SPINCNR and Dipartimento di Fisica, Universita di Napoli Federie20ll26 Napoli, Italy.

NATURE COMMUNICATIONS, 5:5112, (2014)

Thenon-equilibriumapproachto correlatedelectronsystemss often basedon the paradigmthat different degrees
of freedom interact on different timescales Photo-excitation is treated as an impulsive injection of electronic
energythat is transferredto other degreesof freedom only at later times. By studyingthe ultrafast dynamicsof
guastparticlesin a stronglycorrelatedchargetransferinsulator(LgCuQ,, ), we showthat the interactionbetween
electronsand bosonsmanifestsitself directly in the photo-excitationprocesse®f a correlatedmaterial We reveal
that sub-gap excitation pilots the formation of itinerant quastparticles, dressedby an ultrafast reaction of the
bosonicfield. The exactdiagonalizatiorof the Hubbard;Holsteinmodel explainsthe different responsemeasured
for abovegap and sub-gap excitations(Figures) In particular,a perturbation with sub-gap photon energydrivesa
non-thermal tendencyto create strongly dressedquastparticles Thisdisclosesseveralpossiblescenarioswhere
coherentelectromagnetidieldscanbe usedto manipulatequantumcoherentphasesof matter.

= \ Timedomain evolution of optical conductivity The measurements
performed at 130 K are reported as a function of probe energyfor
pump energy (a) larger (3.1 eV with 0.04 eV bandwidth) and (b)
smaller(0.95 eV with 0.04 eV bandwidth)than n. (c) Thetransient
optical conductivityat Eprobeat 2.3 eV for both pump energiesis
shown (3.1 eV in blue, 0.95 eV in red). The responsefor sub-gap
excitationis multiplied by the ratio of the absorbedenergydensities
The black curve depicts the 3.1 eV pump autocorrelation (d)
Normalized pumpcprobe reflectivity measurementsperformed at
room temperaturewith 10fs pulses(in blackthe pulseduration).

Hubbard;Holstein calculations (a) The weight, |b(t)| 2 of the
photo-excited component of the wave function as a function of
pumpcprobe delayfor excitationsbelow (red) and above (blue) n.
‘ : . ; S PSSPERN Inthe insetof a, the interactionenergyin eVis shown Theaverage
" b s ] M9 numberof bosons(thick line) andthe electronkinetic energyin eV
; e v s (thin line) for the two excitationwavelengthsarereportedin b and
: O, c. In a, b and c, the differences between the pump-perturbed
quantities and the ground state ones are shown In e and f,
cartoons of the physical mechanismare sketched BourpD n(e):

mechanismisin actionat very shorttime delays

©
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Optical Response of gRuQ Reveals Universal Ferphiquid Scaling and
Quasiparticles Beyond Landau Theory
D. StrickeY, J. Mravljé, C. Berthod R. Fittipaldi, A. Vecchiong A. Georgetand D. van der Marél

1Département de Physique de la Matiere Condensée, Université de Geltbyaai Ernesfnsermet, 1211
Geneve 4, Switzerland

W2 OSF {GSFlLyYy LyadAaddziSz WHY28F odcd= [ 2dz

SCNR{tLbX FYR S5ALINIGAYSYy(G2 RA CA&AO0F 49 wo

I-84084 Fisciano (Salerno) Italy
“Colleége de France, 11 place Marcelin Berthelot, 75005 Paris, France
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PHYSICAL REVIEW LETTERS, 113, 087404 (2014)

Therelevanceof FermiLiquid(FL)theory in solidsis supportedby a numberof materials Amongtransition-
metal oxides, SLRUQ represents a remarkable example Indeed, transport properties display low-
temperature FLcharacteristic§1] andthere is evidencefor p-wave symmetryof its superconductingphase
[2] asin superfluid3He FLtheory predictsfor the inelasticoptical relaxationrate to vanishaccordingto the
scalinglaw 1k 8 6t b ® LJPlwith p=2 [3,4]. Here, we report optical measurementsof SLRuQ
demonstratingthat the low-energyrelaxationrate (1k _obthe conductionelectronsin this systemobeys
scalingrelationsfor its frequencyo . and temperature (T) dependencein accordancewith FLtheory. We
establishedexperimentallyfor S,RuQ the universalvaluep =2 and demonstratedremarkableagreement
between the experimentaldata and the theoretically derived scalingfunctionsin the FLregime We also
performed DMFTcalculationsvhichyield excellentagreementwith the measuredoptical spectra

Figure Rootmean square deviation of
the relaxationrate M0 . Xrémoalinear
dependencen Vp, fort - 136 meVand
T XK max asafunctionof pandT,,,, The
inset showsthe value px andthe rms at
the minimumversusT,,,. Avaluepx =2
is found below T~ 40K

max

rms (arb. units)

[1] N. E Husseyet al., Phys Rev B57, 5505(1998).
[2] C Kallin,Rep Prog Phys 75, 042501(2012.

[3] R N. Gurzhi,Sov Phys JETBS5, 673(1959.

[4] C Berthodet al., Phys Rev B87, 115109(2013.
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Defective Interfaces in YttriurDoped Barium Zirconate Films and
Consequences on Proton Conduction

Nan Yand,Claudia CantorfiVittorio Foglietti! Antonello Teband,Alex Belianino¥,Evgheni Strelco¥%,
Stephen JesstDaniele Di CastrbElisabetta Di BartolomedSilvia LicocciaSergei V. KalinibGiuseppe
Balestrino! and Carmela Aruta
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20ak Ridge National Laboratory, Oak Ridge, Tennessee 37831, United States
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b!'bh [9¢¢9w{ MpZ HonobHoONM OHAMPDOU

Yttrium-doped barium zirconate (BZY)is one of the most promising electrolyte materials for

protonic solid oxide micro fuel cellsbasedon thin films. In this field, it waslargelyreported, both

theoretically and experimentally,that disorder and reduced dimensionalityoffer new routes to

enable high performance electrochemical energy conversion devices Therefore, a direct

characterizatiorof interfacesbetweenthe electrolytefilm and the substrateis important, but also
averychallengingask

In this framework, here we use state-of-art electrochemicalstrain microscopyin a novel cross

sectionalmeasuringsetup to directly visualizethe interface reactivity of BZYfilms with nanoscale
resolution The local electrochemicalinvestigationis comparedwith the structural information

obtained by state of art scanningtransmissionelectron microscopy the unique techniqueable to

giveinformation on the localdistortionsat the interfacebetweenfilm and substrate

Theresults of this study show a clear correlation between the conductivity of BZYfilms and the

misfit dislocationnetwork, which introducesa novel 2D transport phenomenonat the interface

Therelevanceof these results consistsin openinga new avenueto understandlow-dimensional
propertiesat the nanoscalevhich are critical for severalcurrent and future technologiesgspecially
in the field of energy storage and production Thiswork, in perspective,will shine a light in

exploitationof the extraordinarypropertiesof thesestronglydefectiveinterfaces

Schematicdrawing of the interface between BZYfilm

‘1{1, 4

BZY and NGOsubstratewith the dislocationnetwork asfast
‘\ pathwayfor proton conduction

, eﬁl&

V. Fogliettiet al. Appl Phys Lett. 2014 104, 081612

SPINScientificReport2014-2015 pag. 67 I_‘ ]



Highlights

Oxides- 2015

SpinOrbital Order Modified by Orbital Dilution in TransiticiMetal Oxides:
From Spin Defects to Frustrated Spins Polarizing Host Orbitals

Wojciech Brzezickiz | ¥ RNJ & andavigrio Edodbl
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PHYSICAL REVIEW X 5, 011037 (2015)

Understandinghe origin of the complexbehaviorof transitionr-metal oxideswith orbital degreesof
freedom s a central problem in strongly correlated electronsand quantum magnetism Applying
magnetic impurities to systemswith spinorbital order is particularly challengingand is still
unexplored Immobile defects with no orbital degree of freedom in spin-orbital-ordered Mott
insulatorsmay disturb both magneticand orbital order; suchd a dzo & i R dzikdfFggrertte
noveltypesof order at high dopingconcentrations We studylocalchangesn spin-orbital order in
an insulating 4d transition-metal oxide when 3d impurities (Mn#* and C#*ions) with no orbital
degreesof freedomare added,leadingto orbital dilution. We employ a microscopionodel whose
physicalproperties are controlled by a few parameters Our analysisdemonstratesthat the 3d
impurities can behaveeither as spin defects surroundedby inactive orbitals or polarizedorbitals
aroundthem that changespininteractionsto ferromagnetic(Figure)

We investigate a few representative doping
concentrations and show that certain Spfl_;IOr_E"'t"llorfer
unexpectedchangesn globalspin-orbital order ALK
are triggered by finite doping and that I B
frustration of impurity spins, which emerges
classicallyat the crossoverbetween different 10

orbital
dilution

host+d” impurity

) 9 WP §

types of magnetic order, is removed by g
quantum effects We predict local and global & g
changesof spinorbital order induced by such é
impurities, and we suggesthow the final spin 2 ¢
orbital order could be detected experimentally 2
Our results are generic and pave the way £,
toward a better understandingof heavy(4dand =
5d) transition-metal oxides with immobile E_o.z
magnetic ions Our theory provides the E
framework to investigatethe consequence®f 0.0

guantumfluctuationsand of spinorbit coupling 0.0
in Mott insulators, which will likely lead to

novel quantum behaviour in spinorbital Figure Phasediagramof a single3d impurity in a 4d
systems host in terms of the local Hund coupling and the

impurity-host spin-orbital exchange
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Photoresponse dynamics in amorphowsaAlIQ/SrTiG; interfaces

Emiliano Di GennatpUbaldo CoscfaGiuseppina AmbrosoieAmit Kharé, Fabio Miletto Granozic&
Umberto Scotti di Uccio

1Dipartimento di Fisica, Univ. di Napoli Federico Il and-8RIR, Compl. Univ. di Monte S. Angelo, Via Cinthia
[-80126 Napoli (Italy),
2Dipartimento di Fisica,Univ. di Napoli Federico Il and CNISM dni&apoli, Compl.Univ. di Monte S. Angelo,
ViaCinthia-B0126 Napoli (Italy)

SCIENTIFIC REPORTS, 8393 (2015)

Thetime-resolvedphotoconductanceof amorphousand crystallineLaAIQ/SrTiQ, interfaces,both hostingan
interfacial 2-dimensionalelectron gas, is investigatedunder irradiation by variablewavelengths,visible or
ultraviolet photons Unlikebare SrTiQ singlecrystals showingrelativelysmallphotoconductanceeffects,both
kinds of interfaces exhibit an intense and highly persistent photoconductancewith extraordinarily long
characteristictimes. The temporal behaviourof the extra photoinduced conductancepersistingafter light
irradiation showsa complexdependenceon interfacetype (whetheramorphousor crystalline),samplehistory
and irradiation wavelength The experimentalresults indicate that different mechanismsof photoexcitation
areresponsiblefor the photoconductanceof crystallineand amorphousLaAlQ/SrTiQ, interfacesunder visible
light. We proposethat the responseof crystallinesamplesis mainly due to the promotion of electronsfrom
the valencebandsof both SrTiQ and LaAlQ. Thissecondchannelis lessrelevantin amorphousLaAlQ/SrTiQ,
wherethe higherdensityof point defectsplaysinsteada majorrole.

10fF’ ' ' . g Y -1 (a) Photoresponsef ClL and (b) photoresponseof Al at
08 ] 365 ¥y Wlack),400 Yy {fed), and 460 Yy {green) The
_ 06 ] data are normalizedto the asymptotic value " ,; solid
£ 04 ] lines are fit curves (c) Dependenceof A vs radiation
O ozl 1 wavelength<for both samples
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10}
08|
_06f
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©
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Noncontact Atomic Force Microscope Dissipation Reveals
a Central Peak of SrTiGtructural Phase Transition

M. Kisielt F. Pellegrint;® G. E. Santord34M. SamadashviliR. PawlakA. Benassif U. Gysir,
R. Buzid,A. Gerbi’ E. Meyer, and E. Tosa#t?
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4International Centre for Theoretical Physics (ICTP), P.O. Box®8&1 Trieste, Italy
SEmpa, Swiss Federal Laboratories for Materials Science and Technology, Uberlandstrasse 129, 8600 Diibendorf,
Switzerland

SInstitute for Materials Science and Max Bergmann Center of Biomaterials, TU Dresden, 01062 Dresden, Germany
CNRSPIN Institute for Superconductivity, Innovative Materials and Devices, C.so Perrone 24, 16152 Genova, Italy

PHYSICAL REVIEW LETTERS 115, 046101 (2015)

The critical fluctuations at second order structural

transitionsin a bulk crystalmay affect the dissipation (@) 1-1°><10'9‘_ -
of mechanicalprobesevenif completely externalto 1.00 A A 4
the crystal surface Here, we show that noncontact 0.90 o “
force microscopedissipationbearsclear evidenceof diie] ‘;’g
the antiferrodistortive phase transition of SrTiQ, 3.0x10"°
known for a long time to exhibit a unique, extremely ’g i
narrow neutron scattering & O Sy pdalié f The = 2.5
noncontactgeometry suggestsa central peak linear § 5ip

response coupling connected with strain. The 2 )

detailed temperature dependencereveals for the g 1.5

first time the intrinsic central peakwidth of order 80

kHz, 2 orders of magnitude below the established 1.0+

neutron upperbound 05

(a) Experimental AFM dissipation W as a function of 855

temperature Raw data, taken at different surface spots
and different tip sample distancesz. The sharp peak
correspondsto the critical temperature of SrTiQ in the
bulk region under the tip. (b) Low temperature (T = 5 K)
STMimageof SrTiQ (100) surface Theimageis obtainedat
constantcurrent | = 10 pA and biasvoltageU =1 V. The
length of the scalebar is equalto 20 nm. (c) Thedistance
dependenceof the dissipationW, takenasthe maximumof
the peak shown in (a), at four different spots on the
sample Afit to the experimentaldata, W& z* Ysshownin
red, with p D 4.2. Thisexponentis closeto the valuep =4
expected for phononic dissipation, as appropriate for
couplingto acousticalsurfacefluctuations of an insulating
bulk material
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NATURE COMMUNICATIONS, 6:6678 (2015)

Thermoelectricspectroscopyis a formidabletool to investigatethe electronicstructure of the LaAlQ/SrTiQ, interface
[1] and achievefull comprehensionof charge confinementin oxide heterostructures In this work, we explore
thermopower in LaAIQ/SITiQ at low temperature as a function of gate field, in order to monitor the electronic
properties at varying doping concentration (see experimentalconfigurationin Figurea). Under large negative gate
voltage,correspondingo the stronglychargedepletedregime, thermopower displaysrecord-high negativevaluesof
the order of 10%-10° nV/K, oscillatingat regular intervals as a function of the gate voltage (seefigure b). The huge
thermopower magnitude can be attributed to the phonondrag contribution, which is boosted by 2D electron
confinement Indeed, in the low temperature limit, the couplingof acousticphononswith 2D confined electronsis
enhancedy the lossof crystalmomentumconservationin the interface-orthogonaldirection, enablingthe interaction
of the electron gaswith many more phonon frequencies On the other hand, the thermopower oscillationsmap the
Fermilevel descentacrossa densearray of localizedstateslying at the bottom of the Ti 3d conductionband (seein
Figurec and d the model electronic band structure of the two-dimensionalelectron gas (2DEG)which allows to
reproducethe experimentalresults,asshownin Figuree). Thisstudyisthe first direct evidenceof a localizedAnderson
tail in the LaAIQ/SrTiQ two-dimensionaklectronliquid.
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Figure: Seebeckneasurementonfigurationandbehaviorunder gatefield of a LaAIQ/SrTiQ interface a) Sketchof the sampleand
experimentalconfigurationfor the Seebeckmeasurementsb) Seebeclcoefficientversusgate voltagemeasuredin a LaAIQ/SrTiQ,
interfaceat 4.2 K In the main panel,the different tracescorrespondto different thermal and Vg cycles In the inset, a blow-up of
the accumulationregime (Vg=0) is shown c) Sketchof the model band structure purposelybuilt to reproducethe experimental
results Grayareasindicatevalenceand conductionstates the coloredlinesbelowthe conductionstatesrepresentatail of localized
states d) Actual Densityof States(DOS)f the model band structure consideredfor the calculations Theshadedgray areais the
DOSrelativeto the conductionbandbottom (CBBYf t,, d,, orbital character Belowthe CBBliesa tail of 12 localizedstates,placed
at regularintervalsof 3 meVfrom eachother, indicatedby different colorsand type of lines Fromthe bottom: red solid, dotted,
dashed,dot-dashed,and then the samesequencerepeatedin greenand blue. Zero energyis fixed at the CBB e) Phonondrag
calculatedfor the model DOS Thedotted verticallinesindicatethe bottom energyof eachlocalizedstate, the solidline is the CBB
§ oscillatesat eachintersectionof E-with the bottom energies

[1] Ohtomo,A. andHwangH. Y., & 'high-mobility electrongasat the LaAIQ/SITIQK S (i S NR A ,yéit B2, 1423 @26 (2004
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